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ABSTRACT

This 6 months' contractual study effort was performed under NASA Contract
NAS1-6698 awarded to the IBM Corporation on 2 September 1966, in response
to bids on the Langley Research Center's Statement of Work L-7035, dated 22
June 1966

The study has two objectives. The first objective was to perform an
analysis of the control computer computational requirements. This included
preliminary hardware sizing for a control moment gyro (CMG) stability and
control system used in an Apollo Applications Spacecraft to perform typical
control tasks required for experiments such as horizon spectrometry, earth
mapping, and solar astronomy. The second objective was to develop a fixed
word-length, digital model of the control computer to be incorporated in a
sample-data simulation of the integrated CMG control system for manned
spacecraft. The final report comprises two volumes. Volume I describes the
overall engineering analyses, and Volume II discusses the digital simulation
program from a user's viewpoint.
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outer (inner) CMG gimbal drive gear ratio
coefficient of the navigation f and g series
CMG spin momentum magnitude, lb-ft-sec
normalized CMG spin momentum vector
unit vectors along vehicle x, y, z axes
unit vectors along inertial X,Y, Z axes

outer (inner) gimbal torquer rotor moment of inertia, lb-ft-sec?

control law gain

multipliers in the baseline control law
attitude control system gain terms, sec™!
rate feedback gain

algebraic control law parameter

cost function constants
iterative control law parameter

linear combination of attitude and rate errors for the baseline
control law

longitude of spacecraft

direction cosine matrix, commanded body to inertial coordinates
external torque vector, ft-1b

Ga times the torque produced by the outer gimbal torquer, ft-1b
G 8 times the torque produced by the inner gimbal torquer, ft-lb

total torque interaction between CMG and the vehicle along the
outer gimbal axis, ft-lb
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total torque interaction between the inner gimbal assembly and
the outer gimbal ring along the inner gimbal axis, ft-lb

mass, slugs
direction cosine matrix, body to inertial coordinates

. . +
constant defining C. M. change, mMmS/(mM mS), slugs

position vector of mass element measured from C. M. of the
main vehicle, feet

gimbal rate ¢ or ,3 in the iterative control law, rad/sec
position vector of target from the geocenter, feet

first moment of mass of the total system about the C. M. of the
main vehicle, lb-sec?

slant range vector, feet

slant range rate vector with respect to the earth, ft/sec
sampling interval, seconds

torque due to CMG precession at vehicle rates, ft-1b
remainder torque, Tq- Ty, ft-1b

desired torque, ft-1b

normalized position vector of the vehicle

circular velocity at earth's radius, ft/sec

slant range rate vector with respect to the earth, _S_E , ft/sec
inertial coordinates

vehicle principal axes coordinates

local ellipsoid vertical
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Superscripts:
* (prime)
’’ (double prime)

+ (dot)

CMG outer gimbal angle
CMG inner gimbal angle
negative of small angle attitude error

nominal vehicle rate about the z axis in the horizon spectrometry
experiment

Euler angle

vehicle geodedic latitude

vehicle geocentric latitude

position vector of the vehicle measured from the geocenter, feet
earth's radius, feet

Euler angle

Euler angle

CMG spin rate, rad/sec

earth's rate in inertial coordinates, rad/sec

vehicle angular rate vector, rad/sec

inertial rate of the ith CMG inner gimbal ring resolved along inner
gimbal axes, rad/sec

inertial rate of the ith CMG outer gimbal ring resolved along outer
gimbal axes, rad/sec

indicated

signal at the output of the stabilization compensation

time derivative
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Subscripts:

a outer gimbal

b inner gimbal

c command

d desired

g gyro rotor

i ith element

M crew member

n step of iteration

T remainder in the iterative control law
S total system excluding the moving mass
t telescope

* double precision control computer variable
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Section 1

INTRODUCTION

A digital computer program that rigorously simulates the system depicted in
Figure 1-1 has been developed under contract number NAS 1-6698, issued by NASA's
Langley Research Center.

This simulation, a contract delivery item, was required to support Langley's
research in Control Moment Gyro (CMG) systems, and can help evaluate the perform-
ance of CMGs that are controlled by an on-board digital computer in many attitude
control situations. In Volume I of the report, the digital simulation has been used to
validate the attitude control loop compensation developed on the basis of a linearized
model of the system. Control computer word length requirements to satisfy accuracy
specifications in the performance of four space experiments were also established
with the aid of the program.

In addition to a detailed description of the simulation, this volume emphasizes
the unusual techniques involved to allow effective use of the program.

1-1
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Section 2

SIMULATION IMPLEMENTATION

Program Structure

Introduction — The CMG simulation functionally conforms to Figure 2-1. These
functions fall into four categories: (1) Input/initialization, (2) Output, (3) Control

computer, (4) Environment. This section presents a description of these categories
that serve as the program basis.

START

READ INPUT DATA

PRINT INFUT DATA

INITIALIZE —I
—
EXECUTE CONTROL
COMPUTER PROGRAM ‘
J L PRINT OUTPUT SUMMARY l
l PRINT OUTPUT DATA I \ 1
YES
END OF RUN
NO
STORE CONTROL COMPUTER'S

INTEGRATION OF SENSED DATA AT SAMPLE
ENVIRONMENT TIMES
EQUATIONS FOR
ONE CONTROL COMPUTER
COMP CYCLE I

Figure 2-1. CMG Simulation Functional Block Diagram

Input/initialization — Input data is read into an input buffer area. This source
data is unaltered so that subsequent runs require only input data changes. After
reading data, the entire input buffer is written on the print tape to completely identify

the run conditions.



The initialization routine places input data items in the using storage areas.
This data is converted, if necessary, to conform to a consistant system of units as
follows:

distance = foot
force =  pound
mass =  slug
time =  second
angle = radian
emf =  volt

One exception is the star tracker loop with torque in inch-ounces and inertia in inch-
ounce-sec2.

Output. — Output data describing the state of the vehicle, control computer, and
sensors can be written on the print tape as often as each control computer cycle. This
data is converted radians to degrees (angle), and lb. ft. /sec to watts (power).

At end end of each run a summary is written on the print tape. This output
supplies information per CMG gimbal on maximum power, total power, and average
power.

Control computer. — This category includes the fixed point, adjustable word
length control computer program and its fixed point utility routines (sine, cosine,
arc tangent, arc sine, double precision multiply and divide). The cost function used
by the iterative control law is programmed as a separate subroutine using floating
FORTRAN. This was done to facilitate changes in the function since the user will
probably want to use many variations to appreciate the versatility of the iterative
control law. This reprogramming capability and the fact that the floating point
computation of this function does not increase the accuracy of the control law justify
this provision.

A floating point version of the control computer is also supplied to provide
reference runs with minimal quantization effects.

Environment. — The operating environment of the control computer includes the
vehicle, CMGs, sensors, and disturbing influences.




The basis of this portion of the simulation is an adjustable step, fourth-order
Runge-Kutta integration routine. The step size is regulated to keep an analytic
approximation of the local truncation error within bounds specified by the input data.
To support the integrator, it is necessary to define a state vector and the equations
necessary to compute derivative of the state vector. The integration scheme is
augmented with the controls needed to store the control computer input data items
prior to their use to simulate conversion and computation delays within the control
computer.

The equations for computing the state vector derivatives are presented in
appendices A, B, C, D.
Rigid Body Equations of Motion

The rigid body equations for the nine angular accelerations of the vehicle and
the CMG gimbals are developed in Volume I. These equations can be arranged as:

81 212 213 214 35 36 217 0 A w, by
31 899 293 0 Bg5 A5q By Byg Bog | [y by
83 253 235 A3y 835 0 85 B30 854 | | W, by
a,, 0 8423,0 0 0 0 0 él b,
41 35c Bq. 0 a.. 0 0 0 0 621 = b5 (2-1)
880 0 0 a0 0 0 Bz b
a1p 85 Agq 0o 0 O - 0 0 622 b,7
0 a,58,00 0 0 0 a0 33 by
819 299 239 O 0 o0 o0 o0 399 623 b9



Inspection of Equation 2-1 indicates that solving the equations of motions for the
highest derivatives involved the inversion of the 9 x 9 coefficient matrix Lay,]. The
actual method of solution reduces this requirement to the inversion of a 3 x 3 matrix
by taking advantage of the fact that each of the last six equations of motion is a function
of the vehicle accelerations, plus only one of the CMG gimbal accelerations. Thus, it
is possible to solve each of the last six equations of Equation (2-1) for the respective
gimbal acceleration as

By = by -a0 - a0 )/,
@ = g -a e -a,w - 8g50,) /25
By = (bg -ajgwy - azewy)/aee
G = (b -a. b -a @ -a,.w)A (2-2)
2 7 T P17¥x T By T 3g7%) n
B8y = (bg-aygw - 2349, 258
& - o
3 (bg - 8,g0y = 859wy 2399, 299

Substitution of Equation (2-2) into the first three equations of Equation (2-1) gives

2 2 2 2 9
Y4 5 e 7 P9 314
D11 T ) N . by - 3by,
344 %5 3 7 f9g9 44
. 315%25  %16%26  H7%27  P19%929 415 416
Twoldy T T Ta - - NP "3 P (2-3)
55 66 s 499 55 66
a a a a a a a a a a
+w<a _f1af Pis73s %1737 19739 _an, _1e
z\ 13 a44 a55 a77 a99 a,7,7 7 a99 9

24




which can be written as

an
4

319

43

A15%25 216%26 _M1rten a19329> N a25b
355 266 3 499 2 ag s
L2 2 2 2 2
25 “26  “21 28 %99 _ les, Per,
355 %66 77 %gg g9 3 6 Agp 7
25%35 %2737 _ 28738 a29339> azsb a29b
355 A g8 399 Agg 8 g9 9
(2-3)
(Cont.)
314%31  P5%35  217%n a19339> . a34b
- - - T3 4
344 A5 3on 399 3 ay,
“2535  “21%7  2s’3s  C20%ao\\ |/ T35, %1
355 A07 g8 A
2 a 2 az 2 a 2 a a
%34 %35 %37 35 39 38, 239
- - - - - —0_ - —0
44 5 7 Bgg g 8gg 8 8gg 9
[ 4 ’ * ’
312 %13 Wy b)
4 Is * 4
850 29q wy _ b2 (2-4)
393 233 w, by
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Note that the 3 x 3 matrix is indicated as symmetric as verified by inspection of the
corresponding coefficients of wy, cby, d)z in Equation (2-3). Therefore, only six
ailj have to be evaluated.

The method used to solve for the derivative equations presented in Appendix Ais
summarized:

a. Evaluate the aij and bi of Equation (2-1)
b. Compute the ai']. and bi' of Equation (2-4)
¢. Solve Equation (2-4) for u')i by inverting the 3 x 3 coefficient matrix fa 'ij-}

d. Solve Equation (2-2)for Bl and 'c’xi using the values of (,bi just computed.

Fixed Point Programming Techniques

Introduction. —In order to simulate the calculations of the fixed point control com-
puter, using FORTRAN IV, it is necessary to treat all variables and parameters as
scaled integers. To establish scaling factors, the maximum absolute value of each
variable and parameter must be know. The assumed maximum values are presented in
the appropriate variable name lists in Appendix E of this report.

Thé following paragraphs outline the procedures used in scaling and programming
the simulated control computer.

Scaling considerations. —The maximum values of all variables have been selected
as integer powers of 2. This implies that all arithmetic scaling adjustments reduce to
shifting operations and all scaling problems can be reduced to consideration of the
associated integer powers of 2 and the number of data bits, n.

Given:

n, the number of magnitude bits of the control computer word

x, a variable such that | x| < x - X
max

X., a scaled FORTRAN integer representing x; the following identifications can
be made.

Full scale n-bit integer; FS = o -1 =2" = Fs’
Kx is a scale factor such that

X, = K x (2-5)




Since it is desirable to have X approximately equal to FS, when x = Xmax We can solve

for K,

B GO T U SR
- - ===
x X *max 2°X

n-ky (2-6)

K

Arithmetic operations. —Let us define the variables x, ¥, z; their maximum values
2kx’ 2 kY, 2X2; and their FORTRAN integer representations Xy, Yy, Z1; and consider

the scaling associated with the following arithmetic operations.

Addition—To program the operation z = x + y using the integers Xy, Y[, Zj, first
get a common scale factor for Xy and Yy, then perform the addition, and finally adjust
the scale factor of the answer to K,. Assume ky <k, then a right shift of ky - ky
places (i. e., division by 2®¥ ‘kX) performed on X1 will produce the value x with a
scale factor Ky.

XI Kyx . 2n-kX

okykx  Jky-ke  ky-kx

n-ky x

X = 2 = Kyx

The sum Ky (x + y) must be appropriately shifted to yield a scale factor K;. The three
cases are:

k =k
z y
7 = XI <~ 2-7
1 Jkykx T (2=7)
k >k
z y
X
+Y
oKykx I
Z. = (2-8)
k <k
zZ y
X
I ky-k
I <;ky-kx 1)

Note that the shift factors 2ky_kx, etc., are constants independent of n.



Multiplication—The operation z = Xy involves multiplication of Xy, Yy producing a
double register (i. e., 2n bits) product. This result is shifted to yeild a single register
answer with a scale factor K,.

n-ky .n-k
= y 2-10
X Y (2 ) 2 ) Xy ( )
ntk, -k, -k
Dividing both sides of Equation (2-10) by 2° "2 "X ¥ yields
XY
I'1 n—kz
——————————— = K =
e A

or
XI YI

ZI - 2n+kz—kx—ky (2-11)

Note that this shift factor is a function of n.

Division—An actual fixed point division, z = x/y, is performed by placing the divi-
dent within a double register so that the properly scaled quotient will appear in a single
register (i. e., the least significant n bits of the double register) after the division
takes place. Simulation of the dividend placement is accomplished by a left shift of
n-kztkyx-ky, or

nkztkxky _ n-kx | n-kgtkyky o 2n-kp-ky

X, - (2-12)
dividing both sides of Equation (2-12) by Y
K,k
x - PRzRxKy ok
1 _ 2 X n-ky x _ X _
Y nk =2 Ty TK 7Y
or
(XI' 2n—kz+kx—ky
Z, = Y, (2-13)

This shifting factor is also a function of n.

2-8




Input /output. —When the control computer executes its program, it operates on
data supplied by the environmental simulation. This data is gener ated in floating point
form and must be scaled according to its maximum value. The data is converted to a
fixed point integer and quantized more if the bit length of the particular converter is
less than n.

When the control computer presents data to the environment, these operations
are reversed. The n-bit output integer is quantized if the D/A conversion is less than
n-bits—then converted to floating point. The scale factor is then removed and the
data is ready for use by the environment.

The FORTRAN statements that simulate these operations can be illustrated after
defining:

x = A floating point input variable

XI =  The integer version of x

n_ = The number of bits carried in the input conversion of x. ny <n
y = A floating point output variable.

YI =  The integer version of y

ny =  The number of bits carried in the output conversion of y. ny <n

The input scaling and conversiocn statement is

X = x - 0 B~kx) (2-14)

Note that 2('n—kx) is the scale factor Ky by Equation (2-6). The RHS of Equation
(2-14) is the integer Xj in floating form. FORTRAN converts this to afixed point
representation automatically. The additional quantization associated with the A/D
conversion is simulated with this all integer statement:

X, = LXI/z(“'nx)J . g(A0x) (2-15)

The division is performed first and causes Xy to be right shifted n-ny places. As a re-
sult the least significant n-nx bits of Xy are lost. The multiplication shifts this quantity
left replacing the lost bits with zeros.

The corresponding statements used for output adjustments are:

y = I‘YI 0ny) | ,(n-ny) (2-16)

2-9




. glky (2-17)

Coulomb Friction

To maintain a high degree of simulation accuracy, it was necessary to implement
a better model for coulomb friction than the standard signum function shown in Figure
2-2,

y
i

Tf= Tc sgn @

Figure 2-2. Coulomb Friction Model

Using a value of T equal to T¢ sgn w can lead to a low amplitude limit cycle
because u) is assumed constant over an integration step, At. This is best illustrated
by considering an example where the system of Figure 2-2 has an initial w = w, and
an applied torque, T,, equal to zero. Figure 2-3 shows the desired time histories of
w and Tg. Figure 2-3a corresponds to the signum function model and Figure 2-3b
corresponds to the model actually used.

The model for coulomb friction used in this simulation incorporates the logic of
Figure 2-4 for computing Tf. Then
Ta - Tf

J

w

2-10
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COMPUTE

T
a

WwiLL
@ CHANGE SIGN IF
Tf = Tc sgn @

NO

T=T.sgnw

T‘:TG+J——

YES

>T

T‘ = T:sgn Tu

WL L
@ CHANGE SIGN AFTER
@ CROSSES G

NO, USE AVERAGE T

24w T ©
Tl sgn
£ 1A (Tc sgn w-Ta) <

+ TAKE NO BRANCH, IF
T T.sgnw

2=

Jao

Figure 2-4.

Coulomb Friction Math Flow
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Section 3

PROGRAM DESCRIPTION

The CMG simulation implements the functions of Figure 2-1 using a main pro-
gram and 31 subroutines. The following sections describe each routine and include
listings, routine linkage, purpose and references to source equations, and sup-
porting figures.

For clarification, Figure 3-1 illustrates the major subroutine linkage.



MAIN

BEGIN
r==y
I CALL INITIL T yINITIL - NPUT
r -| - I CALL INPUT ) s
) CALL RKRS =————————— RKRS — READ INPUT DATA
P! RESTART PRINT INPUT DATA
1| INTEGRATOR INITIALIZE:
N e |
| 1 FIGURE 3-1b CONTROLS
1 CMG CONSTANTS INITIALIZE
' \ B I OUTPUT
| SENSOR INTEGRATOR
CALL QUTPUT COWPUTE
! | AND PRI NT e CALL DERIV
! VERICLE FIGURE 3-1b
1 | OUTPUT CONSTANTS
EXTERNAL
1 VARIABLES TORQUE AND —
| | MOVING MASS ——' FANDG
: | 1F (ST ) YEls K::f;:i;ji COMPUTE
Lot * NO , €QUATIONS COEFFICIENTS
SUMARY CONTROL FOR F AND G SERIES.
! SUMARY =0y
| CALL COMPUTER .
I | PRINT RUN A UPDATE CONTROL
| ! SUMMARY MISCELL ANEOUS COMPUTER’S:
1 | ) l J CALL RKIC t
[ i | 0
GO TO INITIALIZE p_
— - —— COMM ANDS I .
: \A 0
DO =1, NEVENT COMPUTE o
A
| :>TRETRN = TEVENT (J) Z%Nlél-erNTs Fo
| ' RKII INITIABLIZE
CALL RKI!I > CONTROL COMPUTER:
U INTEGRATE DIRECTION COSINES l
Ly FOR TRETRN NAVIGATION
| 1 SECONDS CALL FANDG __._.._1 STORE
CALL DERIV ‘ SUPPLIES INPUT
i FIGURE 3-1b EXP 1 ) DATA FOR
' — : STORE ExP 2 CONTROL
CALL STORE (J) S ﬁ'E . EXP 3
1 TORE Jt EXP 4 COMPUTER
P VARIBLE IN mggg: e |
- CONTROL MODE 7 ——y  MANUAL
| COMPUTER ggg::g:;\';r?g’: GENERATES
! L Y INPUT BUFFER \F FIXED POINT: CONTROL
| =~ CONTINUE FIX ABOVE
PARAMETERS PANEL
| TRETN = TMATCH RKI1 COMMANDS
' CALL RKIil INTEGRATE N
FOR TRETRN Y comp
1
SECONDS CALL STORE (J) EXECUTE
| CALL DERIV J=1, NEVENT ggugS?.ER
v FIGURE 3-1b - PROGRAM
\ L MANUA CALL MANUAL
CALL MANUAL o :‘A:UA Ar—o | WITHOUT
= tif——————————
! C0:T§OI s SET Ot | ADVANCING
i CALL COMP TIME.
COMMANDS
]
' CALL COMP y  COMP RESTORE At -
! EXECUTE l
| CONTROL ‘
1 COMPUTER
e Tl G'O TO PROGRAM

Figuve 3-1. Subvoutine Linkage (Sheet 1 of 2)
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CALL TRIG

— TRIG

EVALUATES:
SIN & COS OF a;, 8,
sin? & cos?oF q;, B,

SIN & COS OF ¢, 0, ¢
fm,.]
i

|

CALL RATE

T

CALL' POSVEL

— RATE
EVALUATES
wxi’wyi’ Dy
Byje myi' Wyj
1
3 POSVEL
COMPUTES

POSITION & VELOCITY
FOR KEPLER ORBIT

CAL LvEX PER

— EXPER

COMPUTES
DERIVATIVES OF
STAR TRACKER &
HORIZON SENSOR
VARIABLES

Y
CALL DISTRB

3 DISTRB

COMPUTES

DISTURBANCE TORQUES
VEHICLE 1 & |

CALL.'FINDMG

¥ FINDMG

COMPUTES
DERIVATIVES OF
CMG GIMBAL
SERVO VARIABLES

\/

CALL FINDA

I

— FINDA

EVALUATES:

a.., a
i %ij

CALL'FINDB

J

—3 FINDB

EVALUATES:
by b,

CALL'EVDER

— EVDER

EVALUATES:

@ 0.4

ir 4
gimbal servo

power

RETURN

Figure 3-1. Subrvoutine Linkage (Sheet 2 of 2)



MAIN Program
Called by. — Automatic branch to MAIN after program is loaded on host computer.
Calls. — INITIL, COMP, RKRS, RKII, OUTPUT, MANUAL, SUMARY, STORE.
Function. — Overall program control and timing.

Comments. — The array TEVENT contains the successive time increments, over

which integration must be performed to reach control computer A/D sampling times.
Note that

NEVENT

TCYCLE = TMATCH + E TEVENT(J)
J=1

A computation cycle timing chart is illustrated in Figure 3-2.

t=nAt (D/AG,, B) t=(n+ 1) Aty (D/A Gicr B;0)

‘ §A/D *A/D ja/o yA/° § LAST A/D ¥
1 1 - (¢ N
L} L T ) , l l —
t
bt [y e {( >t > . -
f T TR \
TEVENT (1) TEVENT (2) TEVENT (3) TEVENT (NEVENT) TMATCH
le— { € >l
I TCYCLE { §

Figure 3-2. Computation Cycle Timing
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$IRFTC MAIN LIST

c
COMMON/RKC/U(T79) ,UMIN(79),DTMIN,DTEST, DELTAT ,NDODUBL,NINT, T, TRETRN,
1 NOINT(79) ‘
COMMON/IOCONT/7RFAL{15) NUMBFR(15),NORDFR({15), TFVENT(15), TMATCH,
1 NEVENT,EVENTT(15),TCYCLE,NCNST1,NMAN] ,NPRINT,NPRCTL , TEND, LNECNT

CALL INITIL

CALL RKRS

CALL OUTPUT

6 IF(T.GE.TEND)GO TO 4
no 3 J=14NEVENT
TRETRN=TEVENT(J)
CALL RKITI

3 CALL STORE(J)
TRETRN=TMATCH
CALL RKII
CALL MANUAL
CALL COMP
GO 70 5

4 CALL SUMARY

GO T0 1

END

R Ne
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Called by. — MAIN
Calls. — INPUT, ENERGY, RKIC, FANDG, UPDAT3, STORE, MANUAL, COMP

Function. — Initializes routines in accordance with input data specifications.
Performs one time computations such as units conversion and evaluation of constants.

Comments — Because this routine exceeded table space during compilation,
it was necessary to divide it into four smaller routines. Since these routines are
never used independently, it is convenient to include all four in the verbal label INITIL.
Figure 3-3 shows this breakdown.

ENTER
1 INTTIL INITL 2 INITL 3
RETURN
B |
‘ 1 INITL 4
CALL INITL 3 —'—-‘
\ !
CALL INITL 2 = CALL INITL 4 -
Y Y
RETURN RETURN RETILRN
EXIT

Figure 3-3. Initialization Routines




$IBFTC S1P1 LIST

- c

Canns

Cananse

SUBROUTINE TINITIL

COMMON/RKYV/OMEGAB(T79)

COMMON/RKC/U(T9) UMIN(T79),DTMIN,DTEST,DELTAT,NDOUBL ,NINT, T, TRETRN,
1 NOINT(79)

COMMON/AGROUP/A(9,9)4AP(31)
COMMON/CGYRO/AA,BA,CA,AB,RB,CR,AG,BG, JMBFTA, UJMALPH,A8 AG,RRB B8G,

1 CB BG,AA BA,AA CA,BA CA,BB CB,DIF1,DIF2,GRAJMA,SUMI,SUM2, SUM3,

2 SUM4,SUMS, SUM6K,SUMT, SUMB, SUM9, SUMI0,AGOMGO(3) ,AGOMGD (3 ), AGDMGNM,
3 HNOM

REAL JMBETA, JMALPH

NIMENSION GYROI(10)

EQUIVALENCE (AA,GYROTI(1))

COMMON/CBODY/INERT(21)

REAL INERT
COMMON/CSERVO/BINPUT{3),AINPUT(3),K?BETA,K2ALPH, TAUDRE, TAUDAL,

1 KBETA,KALPH,KSFRFELKSFAL, TAUNBE,TAUNAL ,TAURE, TAUAL ,FL IMRF, F] TMAL,
2 KTBEKTAL,KBBETA,KBALPH, TAUMBE , TAUMAL ,TFRETA, TFALPH,ALTIMI T,ALTMIT
3 oGRBETA,GRALPH

REAL K2BETA,K2ALPH KBETA,KALPH KSFBE,KSFALKTBE,KTAL,KBPFTA,KDALPH
COMMON/TORQUE/MJFT(22)

REAL MJET
COMMON/PVDATA/PDS(3),VEL(3),P0S0(3),VELD(3),FCOCENT, ENOW,"F ANA,

1 MEANAO,FVECT(3),CETAO,SETAO,PVCON(4),PTARGT(3)

REAL MEANA,MEANAO

COMMON/CONSTS/RTNDDEGyDEGTOR,RE,MU,PIE{ 23]

REAL MU

COMMON/SENSOR/ESTAR(20) ySTKR,JINRT (4),FTA(38)

REAL JINRT '
COMMON/DIST/MDIST(3) ,MDNOM{3), SPHASE(3,6) ,CPHASFE(3,46),SFREQ(6),

1 CFREQ(6),MDAMP(3,6),FREQ(6),TQEMM(3)

REAL MDIST,MDNOM,MDAMP

COMMON/MOVE/QMASS (41)

COMMON/BUFFIN/XZ(339)4N2(124)4XY( 94),NY( 9)

READ INPUT DATA
CALL INPUT
INTTIALIZE STATF VECTOR AND INFGRATOR CONTRNLS




20

21

R ¥ ¥

T=0.

NINT=79
NDUM1I=XZ(159)#NEGTOR
DUM2=XZ(160)#DNEGTOR

DO 1 J=1,18
OMEGAB(J)=X7 (J)*DEGTOR
D(I)I=XZ(J+79)=DUM]
UMIN(JY=XZ(J+T79)=DUM2
NN 2 J=19,45
OMEGAB(J)=X7(J)
U(JII=X7(J+79) X7 (159)
UMIN(J)=XZ7{J+79)xX7(160)
DO 20 J=46,47
NMEGAR(J)=XZ (J)#*DNEGTDOR
ULJ)=XZ(J+479)eDUM]
UMIN{J)=XZ(J+79)=DUM2
N0 21 J=48,71
OMEGAR(J)=X7())
U(J)=XZ(J+T79)=X7(159)
UMIN())=XZ(J+T79)=X7(160)
no 3 J=72,79
OMEGAB(J)=X7 (]} #*#RNEGTNR
U{JI)=XZ()+79)»Nn{M]
UMIN(J)=XZ(J+T7Q)=NUM?
K=1

nn 4 J=1,179

TEIN7 () 2FQLIGND TO 4
NOINT(K)=J

K=K+1

CONTINUF

MNOINT(K)=0
NTMIN=X7(161)
DTEST=X7(162)
NDOUBL=N7(81)

GYRO DATA INITTALIZATION

no 5 Jd=1,10
GYRDI(J)=X7(J+162)
NN 6 J=1,R




Canaas

AGOMGO(J)I=X7(J+172)
DO 7 J=1,26
BINPUT(J+6)=XZ(J+180)
BLIMIT=BLIMIT*DEGTOR
ALIMIT=ALIMIT#DEGTOR
K2BETA=K2BETA=GRBETA
K2ALPH=KZ2ALPH=GRALPH
KTBE=KTRE®GRBETA
KTAL=KTAL*GRALPH
KBRETA=KBBETA#GRBETA
KBALPH=KBALPH#GRALPH
TFBETA=TFBETA#GRRETA
TFALPH=TFALPH#GRALPH
AB AG=AB+AG
BB BG=BB+BG
CB BG=CB+BG
AA BA=AA-BA
AA CA=AA-CA
BA CA=BA-CA
88 CB=BB-CB
DIF1=AB AG-BB BG
DIF2=AB AG-CB BG
SUM1=CB BG+{GRBFTA®%2)=JMBETA
SUM2=BA+(GRALPH=#2) % JMALPH
SUM3=CB BG+GRBFETA#JMBETA
SUM&G=BA+GRALPH# JMALPH
SUMS=CA+CB BG+JMRETA
SUM6=BA+GRALPH
SUM7=CA-(GRBETA-1.)®#JMBETA
SUMB=CA+(CB BG#((GRBETA-1.)##2) «JMBFTA )/ SUMI
SUM9={ (GRALPH-1.)##2) = JMALPH
SUM10=JMALPH#GRALPH={ GRALPH-1.)
GRAJMA=JMALPH#GRALPH
A(4,4)=SUM]
Al6,6)=SUM1
A(8,8)=SUMl

SENSOR INITIALYZATION
DO 8 J=1,4



10

11

18

Cesnans

12

13

Canna

15

16

ESTARI(J)I=XZ(J+206)#DFGTOR
DO 9 J=1,17
ESTAR(J+4)=X7(J+210)
STKR=STKR#XZ(228)
DO 10 J=1,2
JINRT(J)=X21229)
JINRT (J+2)=X2(230)
DO 11 J=1,7
ETA(J)=X2(J+230)
DO 18 J=1,5
ETA(J+T)=XZ2(J+313)
ETA(12)=,5E-3+SQRT(ETA(12)/ESTAR(S))
VEHICLE INITIALIZATION
DO 12 J=1,6
INERT (J+6)=XZ2{J+237)
DO 13 J=1,3
FTA(J+4)=ETA(J+4)/3600.
MIET(J+12)=X7{J+243)
EXTERNAL TORQUES AND MOV ING MASS
NDUM=0
DO 15 J=1,3
MJET(J+15)=0.
MJET(J+18)=XZ2(J+336)2X7(319)
FREQ(J)=XZ(J+285)
FREQ(J+3)=X7(J+288)
MDNOM(J)=XZ2(J+246)
DO 15 Kzlgb
NDUM=NDUM+1
MDAMP {J,K)=XT7 I{NDUM+249)
SPHASE(J,K)I=SIN(XZ{NDUM+2T76)=DEGTNOR)
CPHASE(J,K)=COSIXZ(NDUM+2T76)#DEGTOR)
QOMASS{1)=X21(292)
QMASS(2)=2.#0MASS (1)
NO 16 J=1,1?
OMASS(J+11)1=XZ(J+292)
DO 17 J=1,3
QMASS (J+429)=X7 {J+304)
QMASS (J+23)=0MASS(J+20)+«0MASS{J+29)
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17

Caaansn

100

101

102

103

OMASS (J+26)=QMASS(J+23)=QMASS(J+29)
QMASS (J+32)=.5#QMASS{J+17)

KEPLER ORBRIT INITIALIZATION
DUM=0.
DO 100 J=1,3
DUM=DUM+XZ{J+307)#XZ(J+30T7)
DUM=SQRT (DUM)
NUM1=0.
DO 101 J=1,3
POSO(J)=XZ(J+307)/DUM

DUM1=DUM1+ POSO(J)#X2(J+310)
DUM2=0

DO 102 J=1,3

VELO(J)= -DUM1#P0OSO(J)+XZ(J+310)

DUM2=DUM2+VELO(J)#VELO(J)
DUM2=SQRT(DUM2)

DUM=DUM#=DUM2

DUM1=DUM/ MU

ECCENT=0.

CETAO=0.

SETA0=0.

DO 103 J=1,3
VELO(J)=VELO(J)/NUM2
FVECT(J)=DUM1#XZ2(J+310)-VELO(J)
ECCENT=FCCENT+FVECT(J)=»FVECT{J)
CETAO=CETAO+FVECT(J)#VELD{J)
SETAO=SETAO+FVECT(J)*P0SO(J)
PVCON(4)=SQRT(1.-ECCENT)
ECCENT=SQRT(ECCENT)
CETAO=CETAO/ECCENT
SETAO=SETAO/ECCENT
PVCONI{3)=MU»=22/( (DUM/PVCON({4) )n=3)
PVCON({2)=MU/DUM

PVCON (1)=DUM=DUM/MU

DUMI=ATAN2{PVCON(4)#SETAO, ECCENT+CETAD)

MEANAO=DUM1-ECCFNT#SIN{DUMI)
MEANA=MEANAO
ENOW=DUM1
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104

DO 104 J=1,3
POSTJ)=XZ{J+307)
VEL(J)=X2{J+310)
CALL INTTL2
RETURN

END
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202

201

204
203

205
206

Canasn

19

18

TF(TEVENT(K) LT . TEVENT(MINT) IMINT=K
NORDER(J)=MINT

TEVENT(J)=DUMMY

I=1

K=1

DO 203 J=2,15

L1=NORDER(J-1)

L2=NORDER(J)
TF{EVENTT(L2).EQ.EVENTT(L1))GO TO 204
NUMBER(T)=K

K=1

I=1+1

GD TD 203
K=K+1
CONTINUE
NUMBRER (T)=K
NEVENT=1

L1=NORDERI(1)

TEVENT(1) =EVENTT(L1)

DUMDBL=TEVENT(1)
IF(NEVENT.EQ.1)GD TO 206

K=1

DO 205 J=2,NEVENT

K=K+NUMBER({J-1)
L1=NORDER({K)
TEVENT(JI=DBLE{EVENTT(L1)?-DUMDBL

DUMDBL=DUMDBL+TEVENT(J)

TMATCH=DBLE(TCYCLE)-DUMDSBL
IF{TMATCH.LT.0.)TMATCH=0.
FINAL INITIALIZATION OF CONTINUOUS EQUATIONS

DO 19 J=1,19

BETADC(J)=0.

DO 18 J=1,37

MODE(J)=0

MODE(26)=1

CALL ENERGY(NDUM)

CALL RKIC

DO 20 J=1,307

3-14



$IBFTC S1P2 LIST

c

Caansn

200

207

SUBROUTINE INITL2
COMMON/SINCO/SINR(30),DIRCO({3,3)
COMMON/POWER/KDT(307)
COMMON/PVDATA/POS(28)
COMMON/CONSTS/WEARTH(27)

COMMON/IOCONT/ZRFAL(15) yNUMBER{15),NORDFR(15)TFVENT(15), TMATCH,-
1 NEVENT,EVENTT{15), TCYCLE,NCDST1,NMANL NPRINT,NPRCTL,TEND, LNFCNT

COMMON/FLOTIN/MODE(37)
COMMON/FLOOUT/BETADC(19)
COMMON/QUANT/NBIN(42)
COMMON/FIXOUT/AC(19)
COMMON/FXPLV/ACDBL{34),WE(4)
COMMON/TVECT/H(12) 4NPASSy NSLOW, XNSLOW

COMMON/DIRCOS/MS(3,3),MSDOT(3,3),ML(3,3),MLDNT(3,3),NSAVF(3,3),

CMSDBL (3,3),MLDBL{3,3) 4XW(3),WPREV(3),TRATIO(3),DELW(3)

REAL MS,MSDOT,ML,M.DOT,MSDBL,MLDRL

COMMON/BUFFIN/XZ(339),NZ(124),XY( 94),NY( 9)

DOUBLE PRECISION DUMDSBL

COMPUTER SPFC. INITIALIZATION
TCYCLE=XZ(319)
NSLOW=NZ{124)
NPASS =NSLOW
XNSLOW=NSLOW
DUMMY=1.+TCYCLE
DO 200 J=1,15
TEVENT(J) = XZ(J+319)
IF(TEVENT(J).LT.0.)TEVENT{J)=0.
IF(TEVENT(J)GT.TCYCLE)TEVENT(J)=TCYCLE
EVENTT(J)=TEVENT(J)
NUMBER (J) =0
DO 207 J=1,3
TRATIO(J)=(TCYCLE-TEVENT(J))/TCYCLE
TFINY(9).EQ.D)TRATIO(J)=0.
DO 201 J=1,15
MINT=1
DO 202 K=2415
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20

Cenase

Conan

400
401

Crnzns

402

. Cannsn

410

411

KDT(J)=0

INITIALIZE ON-BOARD COMPUTER CONTROLS
TEND=X2(336)
DO 21 J=1,5
MODFE(J+25)=NY{J)
MODE(31)=NY(8)
NBIN(42)=NZ2{123) .
IF{NZ(123).NE.O)CALL INITL3
NCDOST1=1
NMAN1=1
NPRINT=(XZ(335))/TCYCLE +.5
NPRCTL=NPRINT
LNECNT=100

DIRECTION COSINE INITIALIZATION
D0 401 J=1,3
DO 401 K=1,3
MS{JoK)=DIRCN(J,K)
MSDBL{J,K)=DIRCO(J,K)

POSITION AND VELOCITY INITIALTZATION (PLUS FXP.
DO 402 J=1,3
POS{J+25)=XY(J)
CALL FANDG

EXPERIMENT ONE (EARTH MAPPINSG)
WE({1)=WEARTH(27)
DO 410 J=2,4
WE(J)=WE(1)#WF{J-1]
ACDBL{9)=0.
ACDBL{10)=WE(]1)
ACDBL (11)=0.
NDUM=0
DO 411 J=1,3
NO 411 K=1,3
NDUM=NDUM+1
MLDBL (JyK)=XY(NDUM+4)
ML(JyK)=MLDBL{J,K)
AC(7)=XY(4)=WEARTH(2)
ACDBL(1)=AC(T)
CALL INITLS
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Canns

18

301

$IBFTC S1P3 LIST

SUBROUTINE INITL3

COMMON/CONSTS/RTODFEGy DEGTOR,RF,MU,PIE, WN(10),VEO,FIXWO(10) ,WFARTH
REAL MU
COMMON/NPSCAL/NMT ,NM6,NMS ,NM4 \NM3,NM2, NM1 ,NPO,NP] ,NP?,NP3,NP4,NPG,

CNP6yNPT7,NP8,NP9

COMMON/SCALER/CSCALE,DSCALE,LSCALF,LLSCAL MSCALE,NSCALE,PSTALE,
CQSCALE,RSCALFE,TSCALE,VSCALE

INTEGER CSCALE,DSCALE,PSCALE,QSCALF,RSCALF,TSCALF,VSCALF
COMMON/FLOTSC/FLNMT,FLNM6,FLNMS, FLNM4, FLNM3,FLNM2,FLNML,FLNPO,

CFULNP1 FLNP2,FLNP3,FLNP4,FLNPS,FLNP6,FLNPT7,FLNP8,FLNPI,

C FLNM11,FLNM10,FLNM8,FLNP12,F2NM25,F2NM1S,F2NM10,FL2NM2,FL2NM],
C FL2NPO,FL2NP1

DIMENSION NMTPO(17),FNMTPO(17)

EQUIVALENCE (NM7PO(1),NMT),(FNM7P9({ 1), FLNMT)
COMMON/MISCEL/FS,DBLFS,NBIT ,NH,MDLAST,HALFFS
INTEGER FS,DBLFS,HALFFS

COMMON/QUANT/NBIN{(42)
COMMON/EXP3V/ANGLE(11),KC,PREV(25)
COMMON/SINCOS/ASC,B,C,HALFPI,PI,HAFP]

INTEGER ASC,B,CoHALFPI,PI,HAFPI
COMMON/ASINC/AAS,BAS,CAS,DAS

INTEGER AAS,BAS,CAS,DAS
COMMON/ATANC/AAT,BAT,CAT,DAT,QUARPI

INTEGER AAT,BAT,CAT,DAT,QUARPI
COMMON/BUFFIN/XZ{339),NZ{124),XY{ 94),NY!( 9)

COMPUTE SCALING CONSTANTS
NBIT=NZ(81)
DO 18 J=1,41
NBIN(J)= 2#2{NZ(81)-NZ(J+81))
TFINBIN(J).LT.1INBIN{J)=1
NMT7=2##(NZ(81)-7)
FLNM7=NM7
DO 301 J4=2,17
NM7P9(J)=22NMTPI(J-1)
FNM7PQ{J)=NMTPI{ J)
XNH=ALOG(XZ(319))/.69314
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Cenan

Canns

NH=XNH
DUM=NH
IF{DUM,LTXNH)NH=NH+1
IF(NH.GT.S)CALL EXIT
FLNMB=FLNMT7/ 2.
FLNM10=FLNMB /4,
FLNM11=FLNMB8/8.
FLNP12=FLNP9*8,
FL2NPO=FLNPO#FLNPO
FL2NP1=FL2NPO#2,
FL2NM1=FL2NPO/2.
FL2NM2=FL2NM1/2.
F2NM10=FL2NPD/1024.
F2NM15=F2NM10/32.
F2NM25=F2NM1%/1024,
FS=NPO-1
HALFFS=NM]
DBLFS=NPO=NPO-1
SPECIAL SCALING CONSTANTS
CSCALE=2##(5—NH)
DSCALE=2+CSCALE
LLSCAL=2+DSCALE
NDUM=NZ (81)-11
LSCALE=2s«NDUM
MSCALE=2#s{~-NDUM)
NDUM=NDUM-1
PSCALE=2#eNDUM
NSCALE=2#s(—NDUM)
NDUM=NDUM-2
TSCALE=2#aNDUM
VSCALE=2#a#(-NDUM)
NDUM=NDUM~1
RSCALE=2#sNDUM
QSCALE=2%#(~NDUM )
FIXED POINT CONSTANTS
PI=PIE®#FLNM2
HALFPI=P]
HAFPI=PI/2

3-18




QUARP I=PI
ASC=-.1666568F| NP2

- B=  .83119E-2=#FLNP6
C= —-.184B82E-3#FLNP12
AAT= ,999215#FLNPO

. BAT= -.3211819#FLNP1
CAT= .1462766#FLNP2
DAT= -,389929E-1*FLNP4
AAS=  1.5707288F0«FLNM]
BAS= -.2121144»FLNP2
CAS= .0T74261«FLNP3
DAS= -.0187293=FLNPS
KC= «003373=FLNP8
RETURN
END

P
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$IBFYC S1P4 LIST

SURROUTINE INITL4

CNMMON/CONSTS/RTODEG,DEGTOR,RE( 24) yWEARTH

COMMON/ IOCONT/ZREAL (15) yNUMBER(15) ,NORDER(15) ,TEVENT(15), TMATCH,
] NFVENT,EVENTT(15), TCYCLE,NCNST1,NMANL NPRINT,NPRCTL,TEND,LNECNT
COMMON/SENSOR/ESTAR(2)yASTAR(2),TAUWNG ,TAU1, TAU2N,TAU2D,TAU3N,

1 TAU3D,TAU3NP,TAU3DP, TAUS, STKT,STG2,STG34STAL,STKM,STKV,STTF,STKR,
2 JINRT(4),ETA(2) s YAUHRZ +GHNRIZ,DFLW(3) STBIAS(4),STSIG,
3 SXT(2),SYI(2),S2T(2),SX(2),SY(2),SZ{2),FLBORF(2),A7RNRE(2),0ST(4)
4 JWNGI(6)

REAL JINRT
COMMON/NPSCAL/NMT JNM6 s NMS o NM4 ,NM3 ,NM2 , NM1 ,NPO NP1 ,NP2,NP3, NP4 ,NP5,
CNP6,NPT,NP8,NP9
COMMON/FLOTSC/FLNMT, FLNM6 , FLNMS , FLNM4, FLNM3, FLNM?, FLNML,FLNPN,
CFLNP1,FLNP2,FLNP3,FLNP4,FLNPS5,FLNP6,FLNPT,FLNPB,FLNPI,
C FLNMI1,FLNM10,FLNMB, FLNP12,F2NM25,F2NM15,F2NM10,FL2NM2,FL 2NMIL,
C FL2NPO,FL2NP1

COMMON/MISCEL/FS,DRLFS,NBIT ,NH,MDLAST,HALFFS

INTEGER FS,DBLFS,HALFFS

COMMON/QUANT/NBIN(?25) ,NBOUT(16) yNFXPNT
COMMNN/FIXOUT/BRDOTC{3),ADDTCI3),AC,ED(3),EP(3),WC{3),NIET(3)
COMMDN/EXP1V/ACDBL, ACDOT 4 ADSAVE,COSAC, COSWT, I0MFCA(3),
COMEGAF(3),R0(3),S,SNNT, SDUM, SINAC,SINWT, SPRIME,SRFL{3),SS0,TANAC,
CVI3),VC(3),VDOUR(3) yWEyWF2,WF3,WF4

COMMON/EXP2V/DFL DELP yDEL 1 yNFL2,NEL 3, S1X 452X 4S1Y4S?2Y,S17,522,ULX,
Cuz2X,ulz,u22

COMMON/EXP3V/ANGLE,CNSDUM, COSLyCNSLR,COSTH,NELANG,,DELX,NFLY,NFL 7,
CDBLPILETADOT 4XXKC,PREV,PSP(4), SINDUM, SINL ,SINLR, SIN2LR, SINTH,
CSPX(2)4SPY(2),SPZ(2),S1XG,S17G,4S216G, WBAR,7 ,2FXT,
CZEYI,2ZFZ1,EPZDOT
COMMON/MODS6T/DELE(3) ,FCOM(3),ENCOM{3) ,TENDM,ECOMDP (3),NELTAF(3),
CMAX4MAXRT ,TP,NHHH

REAL MAXRT

COMMON/CONTLL/EPPREV(3) GAIN(6,45)4GAINP(645),EPP{3) ,HNOM?, KLCLI{G),
c MAGA(3),MAGB(3),MCA(3),MCB{3),TRQC (3),TROQCP(3),UNITVA(3,3),
CUNITVR(3,3),201(5)

COMMON/CONTL2/DELA{3) ,DELR(3),N0NT1{3),D0T2(3),D0T3(3),XXX]14XXX2,
CKSAVE sMAGASC({3),MAGBSQ(3),TRFM(3),TRQPRN(3),UNITVHI(3,3)
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c

Canas

c

420

421

|
|

C +BHOLD,NBSELF,NBDTDS,MBMAX
REAL KSAVE
COMMON/CONTL3/CGYRD(3),COSTA(3),COSTR( 3),RTEST,RUSF, TnESﬁQv

CTDOTA(3), TDOTB(3)pTREMSQ'XKENDleER,NOITFR
COMMON/DESAT/ERRLIM(3),JETCT(3),TUCNT(3),GIMLIM(3),BDOTMX, ADDTMX
INTEGER TJCNT
COMMON/TVECT/DELTyHyTIME(10),NPASS,NSLOW, XNSLOW
COMMON/DIRCOS/MS(343) 4MSDOT(3,3),ML(3,3),MLDOT(3,3),DSAVF(3,3),

CMSDBL (3,3),MLDBL(3,43),XW(3),WPREV(3),TRATIO(3),XDELW(3)

REAL MS,MSDOT,ML,MLDOT,MSDBL,MLDBL

COMMON/BUFFIN/XZ(339),NZ2{124)},XY{ 94),NY{ 9)

DIMENSION XXWE(4)

DIMENSION COSST(4),SINST(4),XXS1X(6)yXDEL(5)

INTEGER NMS(3,3)y,NMSNDBL(3,3) yNNWF{4),NML(3,3),NMLDRL(3,3),NNS1X(6)
1 yNDEL{S5)yNNZO(5)4NGAIN{(6,5),NGAINP(645)4NERLIM(3),FIXDT,NTRATN(3)
EQUIVALENCE (XXWE{1) WE NNWE{1))

EQUIVALENCE (NHHyH) o (NMS(1,1)4MS{1,1)),INMSDEL{1,1),MSDRL{1,1)),
{NOMGAE OMEGAE(2)) o INML(1,1),ML(1,1)) o (NMLPBL{1,1),MLDRL(1,1)),
{NACDBLyACDBL )y (NAC,AC), (NNSIX({1),S1X,XXS1X(1)),(NETADT,FTADOT),
(NDEL(1)4DEL,XDFL(1))y(NDANG,DFLANG), (NWBAR,WBAR), (NN2ZO{1),720(1))
2 INGAIN(1,1),GAIN(1,1)),(NGAINP{1,1),GATINP(1,1)), (NHNOM,HNOMP),
(NKSAVE s KSAVE) y INXKENDyXKEND), (NERLIM{1),ERRLIM(1)),(DFLT,FIXNT),
(MXBDyBDOTMX) 3 {MXAD,ADOTMX )y INMAXRT,MAXRT ), INTRATO(1),TRIATIO(1))

NP WN -

EXPERIMENT TwWD (INERTIAL MODE) OR EXPERIMENT THREE

(HORIZON SPFCTRNMETRY)

-

SINDIF=SIN(ASTAR{1)-ASTAR(2))

NO 420 J=1,4
COSST(J)=COS(ESTAR({J))
SINST(J)=SIN(ESTAR(J))
IFINY(6).GE.3)GD TO 430

DO 421 J=1,2

SXI{J)=SINST(J)
SYI(J)=-COSST(J)=SINST(J+2)
SZI(J)=COSST(J)=COSST(J+2)
DEL=COSST(1)#COSST(1)#SINST{3)=COSST(? )=SINDIF
DELP=-COSST(1)=CNSST(2)#SINDIF
DELLI==SINST(1)#CDSST(2)4SINST(4)
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430

431

432

DEL2=-DELP
DEL3=SINST(1)=#COSST{1)«SINST(3)
60 T0O 432

DD 431 J=1,2
SXT1(J)=—COSST(J)#SINST(J+2)
SYI(J)=COSST(J)=COSST(J+2)
SZI(J)==SINST(J)

DEL=-COSST(1)#COSST({1)#COSST{2)#COSST(3)«SINDIF

DELP=-COSST(1)#CNSST(2)#SINDIF
DEL1= DELP
DEL2=—COSST(2)#COSST{4)=SINST(1)
DEL3=COSST{1)#COSST(3)#SINST(1)
DO 433 J=1,6
ECOM(J)=0.
XXS1X{J)=SXI{J)
ETADOT=XY(14)+#DEGTOR
DELANG=ETADNT#TCYCLE#XNSLOW
WBAR=XY(15)
TFINFXPNT.EQ.0)IGD TO 434
NETADT=ETADOT=*FLNPS
NDANG=DEL ANG=FL2NM2
CALL UPDAT3

EXPERIMENT FOUR (MICROWAVE TRANSMISSION)

NO INITIALIZATION NEEDED
MODE FIVE (ATTITUDE HOLD)

NO INITIALIZATION NEEDED
MODE SIX (MANUFVER)

MAXRT =XY(16)«DEGTOR

MODE SEVEN (MANUAL)

NO INITIALIZATION NEEDED
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c

Cruansn

C

440

441
Canasn

450

Caass

460

470

BODY RATE SELECTION AND BASELINE CONTROL LAW

DO 440 J=1,3
EPPREV(J)=0.

NDUM=0

DO 441 J=1,6

DO 441 K=1,5
NDUM=NDUM+1
GAIN(J,K)=XY(NDUM+21)
GAINP(J,K)=XY(NDUM+51)
20{K)=XY(K+16)

CONTROL LAWS 2 AND 3 (HMCL AND ITERATIVE)
HNOMP=XZ{180)
KSAVE=XY(82)

DO 450 J=1,3
TROPRDIJ+12)=XY({J+91)=DEGTOR
ADOTC (J)=0.

BDOTC{(J)=0.
XKEND=XY{83)#XY{(83)
ITER=NY(7)

DESATURATION
BDOTMX=XY{90)#DEGTOR
ADDTMX=XY(91)#DEGTOR
DD 460 J=1,3
NJET{J)=0
FRRLIM(J)=XY(J+83)=DEGTOR
JETCT (J)=XY{(J+BB)/TCYCLFE +.99
TJCNT (J)=0,.

DO 470 J=1,NEVENT

CALL STORE(J)

CALL MANUAL
IFINFXPNT.NE.OIGN TN 500
XXKC=.003373

H=0.

CALL COMP

H=TCYCLF

RETURN
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Cenna

c
c
500

501

510

511

533

541

CONVERSION TO SCALED FIXPOINT

NHHH=TCYCLE#2.#» (NBIT—NH)
DO 501 J=1,3
NTRATO(J)=TRATIOD(J)*FLNPO
DO 501 K=1,3

NMSDBL {J,K)=MS{J,K)=FL2NPO
NMS (J,K)I=NMSDBL (J,K)/NPO
WE=WE=FL2NPO#8192.
WE2=WEx*WFARTH#16384.
WEI=WE2+WEARTH=163B4,
WE4=WE3#WEARTH®#8192,

00 S10 J=1,4

NNWE{ J)=XXWE{ J)
NOMGAE=NNWE{ 1) /NPO

NO S11 J=1,3

DO 511 K=1,3

NMLNBL (J . K)=MLUJ,,K)=FL2NPO
NML {J,K)=NMLDBL (J,K) /NPO
NACDBL=AC*FL2NPO
NAC=NACDBL/NPO

NO 533 J=1,5
NDEL{J)=XDEL{J)=FLNPO
NNSIX(J)=XXS1IX{J)*FLNPO
NNSIX{6)=XXS1X{6)=FLNPO
NWBAR=WRAR#FLNP5
NMAXRT=MAXRT=#FLNP5
DUM=FLNM10/8.

DO 541 K=1,5
NNZO(K)=20(K)»FLNPO

DO S41 J=1,6
NGAIN(JyK)=GAIN{J,K)*DUM
NGAINP(J,K)=GAINP(J,K)#FLNM1O
NHNDOM=HNOMP=F{L NM11
NKSAVE=KSAVE=FLNPO
NXKEND=XKEND#FLNPO
MXBD=BDOTMX*FLNP?2
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560

MXAD=ADOTMX#FLNP?2
NBSELF=TRQPRD(14)#FLNM2
NBDTDS=TROPRN({15)+FLNP?

DO 560 J=1,3
NERLIM(J)=ERRLIM(J)=FL2NP]
NHH=0

CALL COMP

NHH=NHHH

RETURN

END
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Subroutine COMP
Called by. — MAIN, INITIL
Calls. — DMULT, QUOTNT, SQRTCC, COST, CCATAN, CCASIN, SINCC, COsCC.
Function. — Simulates control computer program.

Comments. — This subroutine is programmed in two versions — fixed point and
floating point. Due to compiler limitations, the fixed point version is split into two
subroutines: COMP and COMPX.

Figure 3-4 is an overall block diagram of the control computer. Figures
3-5 through 3-16 are the math flow for the control computer program. For these
math flows the following notation is defined for previous values of variables;

Subscript (p) — Used when a storage location is allocated for the previous
value. For example,

X =X

P
X = a+b
Z = X +X

P

Superscript(~) — Used to indicate the previous value of a variable in an
equation solving for its new value. (t = t + At).
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COMPENSATION

1

BASELINE
CONTROL
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ALGEBRAIC
CONTROL
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LAW 2and LAW 3
PRECOMPUTATION

I TERATIVE
CONTROL
L AW

SLOW LOOP

————=FAST LOOP

DESATURATION
TEST

FLOAT
QUTPUT
DATA

Figure 3-4. Simulated Control Computer
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ENTER

Fi1X, SCALE
AND QUANTIZE
INPUT DATA

L ]

Ao =t @=-w) i=xy z

my= (wzp +Aw,) my = OV A(uy) m3

m 2 = (wxp + Amx) mi3 = (o.)zp + sz) mi

mi3= g, + Bwy) mpy ~ (@ Ao miy

i=12

Figure 3-5. Control Computer Math Flow

M31~M2M23 7 22 M3
m32T M3 P21 P23 Py

M3 =M1 T 227 721 M2

¥

mg= T3 iz 123
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Figure 3-6. Control Computer Math Flow Compute Euler Angles, Navigation,
Mode Branch
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X
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K=1
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s"=p’'~R
£24 EY * Yo
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*X *Y *Z
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*X

Eix= Mo,
. o
Ely M2y @,
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Figure 3-7. Control Computer Math Flow Experiment One, Earth Mapping

(Sheet 1 of 2)
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Ve =M1 Yxi + Mgy Yy + M3 V7,
Vae =Mi3 Vxit Moz Vy + M3z v o,
, , V! sec A
@ =gz + QL ton A+ XE <
v
i :V;c secAc~é'tan Ac —
c , EIX
S
*
i1 7 @ M =123
Mite = Mix
M =My A My i=1,23
Mil ’Ml‘ J
¥
i=1,23
. . M= M
Ao = A, oMy
Al = *AC + Av‘ A
- At .
é: —_f\c+_7f(A +A )
A Z A
Mig= M3y Mag ~ My Mas y
Mag= My Mgz ~ Mgy M'y3 £x T2 Mg fmop Moz +may Mag
M3p=Ma1 My3 ~ Mpy Moy S Tmi3 My fmag May v mgg Mgy
£z T Mgty Map v may My
Dye =0
@ye=0

Figure 3-7. Control Computer Math Flow Experviment One, Earvth Mapping
(Sheet 2 of 2)
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uix-:sin e]'—S]Xl

U/2X = sin eé— S2X|

u]’zz cos ei cos c]’— SlZl

i;:(Al uix +Aguiz + Agugy)/A
& = (Sayj uix = Syyj gy /Ae

€2= (8977 v1x — Syxq vgx/Aa

w, =0
XC

wyc=0
w, =0

Figure 3-8. Control Computer Math Flow Experiment Two, Inervtial Mode
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. .
sinL™ =

,
cos L~ =

sin )\R =

cos )\R =

sin A" = sin Ag + 006746 sin Ap cos? AR

cos A'= cos )‘I’? — .006746 sin? /\é cos )\é

’

z' ey == sin L cos A/
Z,.—w. - —sinA’

cYt
Z’EZl:_ cosL “cos A’

# 1, NO UPDATE
15

Figure 3-9. Control Computer Math Flow Experiment Three, Hovizon
Spectrometry (Sheet 1 of 3)
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S’ =— cos e sina.’
ix I | )
!
5’ = cose cosal : i=12
1y 1 | 4
!
, L. i
s. =+ sin €.
t= I

Sixg = M11 Stk t Mig Sy + mi3 Sy,
Si26 = m3) S1t M3 8y, 7 m33 Sy,

$22G67 ™31 S2x T M3y 87, + m33 57,

Vo7 = S22~ S2z:

SXI =0 v iz Sixy v szA"
81 = Say vz = Spyy Upz)/Ae

87 =D uix+ Byuiz + Bgugz/A

M= myy - mg; 8z + my; By,

72T P2 T ™3 S+ my; 8z

Spectvometry (Sheet 2 of 3)

3-34

Figure 3-9. Control Computer Math Flow Expeviment Three,

Horizon




=0
m’Zm’ myn— ms my
310112 237 Ma2 M3

732 M3 P21 M3 myy

T33 =M ™9

T~ M2

=7 + Ay
(UXC:wAV sinT]

’
’l)y‘: = wAV cos T]

Wy =1
.
Y
€x= ™2 Zexi M Zey it m3p Zgx
6’ - ’ ’ —_ ’ ’ - ’ ’
TP ZEx T ™0 Zevi oMy 2y,
Gz :(L)l_wlc
- t ., .
7 S
- fz _SZ + (EZ+E"P)
2
Cop=€

Figure 3-9. Control Computer Math Flow Expeviment Three, Hovizon

Spectrometry (Sheet 3 of 3)
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Figure 3-10. Control Computer Math Flow Experiment Four, Microwave
Transmission
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Figure 3-11. Control Computer Math Flow Mode 5, Attitude Hold; Mode 6,
Maneuver; Mode 7, Manual (Sheet 1 of 2)
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b=’ Ap'= '~ ¢

0, =6’ NG =0"- 6

=y A=y =y

=0 =007 myy Ay’

o =0 & =mip AP+ AD cos ¢
o -0 & =miy Ay - A0 sin @7

O,

Figure 3-11. Control Computer Math Flow Mode 5, Attitude Hold; Mode 6,
Maneuver; Mode 7, Manual (Sheet 2 of 2)
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FAST LOOP

NOTE I: THERE ARE FIVE SETS
OF THE FARAMETERS;

Kel, = Kag, Kep,weeekys, Zoi =1,
STORED IN THE CONTROL COM FUTER. SENSED RATE Iy
THESE CORRESPOND TO THE FIVE FEED BACK & * °=P
VALUES OF m_. € =

9 P *

= 1, SENSED = 2, DERIVED

NOTE |
kyp=~Kg €x
hy == Kot ~ Ky 0= ye) kp=-Kga¢y
- - —w’ )

kz_—Kﬂ& K2 (wy @y ) ¢ .
, o =- €

ky == K36 ~Kzlw,~w,0) 3 3%z

kg= Kegtx * K g (@, =~ wye) kg=+Ky f;

kg =+ Koz, + Kesly—w ) " K e
, R =+ €

kg =+ Kog € 3 Kglw, —@,0) 5 e5 Sy

ke=+Keg el

= 1, BASELINE CONTROL LAW

d]c= k] sin a" + k3 cos a]'
d2c= kg sinay + k) cos ay
‘;ﬁc =kgsinag+ky cos ag
B, = ks cos By

Bzf kg cos Bé

ﬁ3c=k4 cos Bé

Figure 3-12. Control Computer Math Flow Compensation and Baseline
Control Law
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sin a]'
0

,
cos ll]

9, H{cos [3]'

cos a2'
gs :H;ccs 6’2 sinaé

0

0

cos a]

3
sin a'3
cos ai sin B]')
~cos ,R"
~sinay sin B3
—sin aj sin Bé
cos aé sin Bé

-cos 3

~cos /:"3
~sin aé sin /33'

(A-\‘I\

cos ay sin B3

Txd = Huom M
Tyd = Hnom k2

T2d = Hnom k3

|

SET mg=TO THE i FOR WHICH [B/11s A MAXIMUM

i=1,23

2 BseLro \

i \B,},B

. -0
Bch
I

Figure 3-13. Control Computer Math Flow Precomputation for Control Laws
2and 3 (Sheet 1 of 2)
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=0, DONT MODIFY TORQUE COMMAND

=1, SUBTRACT TORQUES DUE TO BODY RATES

T"b: H]' (co; sin a{ cos B]' +(oz' sin B{)
+ Hé (@, cos ay cos By - m; sin B3)

- H:; cos Bé (w; cosa

+ @ sinay)
Tyb = Hé (@, sin a2' cos B—:,+a); sin Bi)
+ Hé (v, cos a:; cos B3 - @, sin Bé)
~H{ cos B} (@] cos aj + @] sin ay)
sz= Ha (m; sin (1:; cos 6:;4-(»; sin B:;)
+ H]' ((u; cos ai cos B - wy sin By

- H2’ cos 52/ (w; cos aé + (x); sin aé)

=2, ALGEBRAIC
CONTROL LAW

= 3, ITERATIVE
CONTROL LAW

Figure 3-13. Control Computer Math Flow Precomputation for Control Laws
2and 3 (Sheet 2 of 2)
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oty

cos B{ cos a~|
h] _| sin ﬁ]
~cos 31 sin a]

~cos ﬁz sin a2
hZ =[ cos B2 cos a2
sin 32’

ABch = _BDS sgn B

sin BB
b3 = | ~cos ,33 sin a
cos 133 cos a3

"8 ATt =71 -« @, a.+B. b))
AT AT ABmBC_MB —_— c S ‘§1 ic 1 < 1)
SET m=TO THE i FOR WHICH [AT h,[ 1S A MINIMUM
i=1,23i#mg
SET k= TO THE i FOR WHICH |h_- a;| IS A MAXIMUM
i=1,23
SET I=TO THE i FORWHICH |h_.b.| 1S A MAXIMUM
i=1,2 3,i# mB
>0 <0
A&kc:(éT.hm) th, -a AB'I =(AT-h e,
AQK‘UAT WG ey b Vb l? AB =[AT-p _myAﬁcg4 _mﬂAb|2
Aé _=[AT-a, ) Ba (-2 )]/lal2 me=lAT 8 AL -2, Wanl?
1|
§. - Ad_ +x.,
. ~
§C= é_BC + KSBC

Figure 3-14.

Control Computer Math Flow Algebraic Control Law
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I,.=I,
Ecz_g
Beg
| S
—¥
Coi=tela, Bie D i=1,2,3

SET k= TO THE jFOR WHICH C“i IS A MINIMUM
i—-1%,23
SET | = TO THE | FOR WHICH cbi iS A MINIMUM

i=1,2, 3,i¥mB

|2

A(;kc = (lr‘-gk)/l-gk
I, =I- Aalvc.£k

akc:akc*'Aak:

ch = fc (Q(c' Bkc’ k)

ABy =1, -b/Iby12
I,=i_, - AIé|ck|

B.lc:él: +AB'I:

Cor=fc (a.lc’ ﬁc' n

Figure 3-15. Control Computer Math Flow
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LIMITa;, TOq |\, }i— L2 3
A hd - ’ *
LMt B, To B |y

J

=Y

Figure 3-16.

QUANTIZE, SCALE AND
FLOAT OUTPUT DATA

EXIT

Control Computer Math Flow Desaturation Test
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$IBFTC S2 LIST

C
c

SUBROUT INE COMP

COMMON/SINCO/SPACE(30),DIRCO(3,3)

COMMON/FLOTIN/XIN(25) yNXIN(12)

COMMON/FLODUT/X0OUTI{16) yNXOUT(3)

COMMON/NPSCAL /NMT JNM6& s NM5, NM4 ,NM3 ,NM2, NM1 ,NPO,NP1 ,NP 2, NP, NP4 ,NP5,
CNP6,NP7,NP8,NP9

COMMON/SCALER/CSCALE,DSCALE 4 LSCALE,LLSCAL ,MSCALE yNSCALE,PSCALE,
CQSCALE,RSCALF, TSCALE,VSCALE

INTEGER CSCALFE,DSCALE,PSCALE,QSCALE ,RSCALE,TSCALE,VSCALF

COMMON/FLOTSC/FLNMT,FLNM6, FLNMS , FLNM&, FLNM3, FLNM2 , FI.NM] ,FL NPO,
CFLNPL,FLNP2,FLNP3,FLNP4,FLNP5,FLNP6,FLNP7,FLNP8,FLNPQ,

C FLNM11,FLNM10,FLNM8, FLNP12,F2NM25,F2NM]15,F2NM10, FLONMD £ 2NMT ,
C FL?NPO,FL2NP1

COMMON/MISCEL/FS,DRLFS,N +NH, MDLAS T, HALFFS

INTEGER FS,DBLFS,HALFFS

COMMON/FIXIN/WU3) yE(2)4A(2),PH,RH,BETA (3),ALPHA(3),ENOTAI3),FC(3),
CTMyHCL(3) yMODE ,RATEFR s UPDATE JNGAINLAW yMODCOM, LIMIG(3),1TM0G(3)

INTEGER AyALPHA,BETA,EoEC,ENOTC,HCL  ,PH,RATEFR,RH, TM, IPDATE , W,

COMMON/QUANT/0IN(25),00UT(16) yNFXPNT

INTEGER QIN,QOUT

COMMON/FTIXOUT/BDOTC(3) 4 ADOTC(3) ,AC,ED(3) ,FP(3) ,WC(3),JET(3)

INTEGER AC,ADDTC,BOOTC,ED,EP,WC

COMMON/EXPLV/ACDRL, ACDOT ADSAVFE,COSAC, COSWT, AMEGA L),
COMFGAE(3),R0(3),S,SD0T, SDUM, SINAC s SINWT, SPRIME ,SREL (3),550, TANAC,
CVI3),VC(3),VDOUB(3) yWE o WE2 s WE3, WF 4

INTEGER ACDRL,ACNOT,ADSAVE,CNSAC,COSHT , NMFGA, IMEGAFE, RO, S,
CSDOTy SDUM, STNAC, STNWT , SPRIMF , SREL , SS0, TANAC , Vo VC , VDNUR, WE » WE2 , WE3,
CWE4

COMMON/EXP2V/DFL y DFLP yDELLyDEL 23 NFL 3, S1XsS2X9S1YyS2Y, 517,522 ,U1X,
CU2X,U1Z,U27

TNTEGER DELyNELP,DEL1,DEL24NEL3,S1X,S2X,S1Y,52Y,S17,S27,UL X,U2X,
CU1Z,u22
COMMON/EXP3V/ANGL E4COSDUM, COSLyCNSLR,COSTH DELANG,DEL X, DEL Y ,DEL 7,
CDBLPI,ETADDT,KC,PREV,PSP(3),R,STNDUM, S INL ,STNLR,STN2LR, STNTH,
CSPX(2),SPY(2),SP7(2)4S1X6,512G,S522G, WRBAR,7 , ZFXI,

3-45



C7EYI1,2EZ21,EPZDOT

INTEGER ANGLF,COSDUM,COSL,COSLRCOSTH, DELANG,DELX4DELY,,NEL Z,
CDBLPI,ETADDT, PREVyPSP4Ry STNDUM, STNL s SINLRySIN2LR,SINTH, SPX, SPY,
CSPZ,S1XG4S17G4S272G WBAR 42, 2EXI22EY1,2E21,EPZDOT
COMMON/MODSST/DELFI3) ,ECOM(3) ,ENCOM(3) ,TENDM,FCNOMDP (3),DFL TAF(3),
CMAX yMAXRT 4 TPy NHHH

INTFGER DELE,ECOM,EDCOM,TENDM,FCOMDP,DFLTAE, TP
COMMON/CONTLL/EPPREVI(3),GAIN(6+95) 9yGAINP(6,45) 4EPP{3),HNOM L,KLCL(6),
C MAGA(3)yMAGBI(3),MCA(3),MCR(3),TROC(3),TROCP(3),UUNITVA(3,3),
CUNITVRBI(3,3),20(5)

INTEGER EPPREVyGAIN,GAINP,EPP,HNDOM, TRQC, TRQCP ,UNITVA,UNITVB, 70D
COMMON/CONTL?/DELA(3),DELR(3),D0T1(3),DDT2(3),DNT3(3),DUM1,DUM?,
CKSAVE yMAGASO(3) ,MAGRSO(3),TREM{3),TROPRN{3) ,UNITVH(3,3)
C +BHOLD,BSELFDN,BNOTDS,MBMAX

INTEGER DELA,DELR,NOT1,D0T2,ND0T3,DUML, DUM2,,TREM,TROPRD,UNTTVH
C +BHOLD,BSELFD,BNOTDS

INTEGER TRQCPP(3)

FQUIVALENCE(TROCPP{1),TROPRN(1))

COMMDN/CONTL3/CGYRD(3),COSTA(3),COSTR(3),RTEST,RUSEL,TDESS,
CTDOTA{3),TODTR(3),TREMSQ, XKFND, ITER,NDITER

INTFGER CGYRD,CNSTA,COSTRB,RTFST,RUSF, TDESSQ,TNDNTA,TNNTR,TREMSO,
CXKEND

COMMON/DESAT/FRRLIMI{3),JFTCT(3), TUCNT{ 3} 4,GIMLIM(3),BDNTMX, ADNTMX

INTEGER TJCNT,ERRLIM,GIMLIM,RDNTMX, ADNTMX

COMMON/TVECT/DELT H,T{10),NPASS,NSLOW, XNSLOW

INTFGFER DELT,H,T

COMMON/NAV/F(10),FDOT,FDUM{10),FTOT,G(10),6DOT,,GDUM(10),6TNT,P(3),
CPO{3),PROT(3),PDOTOI(3)

INTEGER FFDOT,FDUM,FTOT ,,6,6D0T,GDUM,GTNT,P,P0D,PNOT,PNNTN
COMMON/DIRCOS/MS{3,3),MSNDOT(3,3),ML(3,3),MLNOT(3,3),DSAVE(2,3),
CMSDRL (343),MLDBL(343)yXW(3),WPREV(3),TRATIO(3),NFLW(3)

INTEGER DSAVE,XWsWPREV,TRATIO,DFLW

COMMON/NTRIG/CDSE(2),COSA(2),CBETA(3), CALPHA(3),SINF{2),5INA(2),
CSBETA(3),SALPHA(3),SINEN(1),COSEN(1)

INTFGER COSA,CNSF,CALPHA,CRETA,SINA,SINE,SALPHA,SBFTA,SINFD,CNSFN

INTEGER DMULT,,QUDTNT,SQRTCC,DIM

INTEGER SCORR
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C FIX AND SCALE SENSED DATA
c
DO 140 1 = 1,3
W{I) = FLNPS = XIN(I)
E(I)=FLNM2#XIN(+3)
A(T+1)=FLNPL#XIN(1+6)
EDOTC(I) = FLNPS « XIN(I+15)
EC(I)=FLNM22XIN{T+18)
BETA(T) = FLNM2 # XIN(1+9)
ALPHA(I)= FLNM2 » XIN(I+12)
HCL{I) = FLNM11 * XIN(1+22)
HCL(TI+3)=NXIN(T)
HCL(T+6)=NXIN(T+3)
LIMIG(T) =NXIN(I+6)
140 LIMOG(I) =NXIN(I+9)
A{2)=A(2)/8
EC(2)=EC(2)+?
TM = FLNMB8 = XIN(22)
c
C INPUT DATA QUANTIZED
c
DO 147 1 = 1,25
IF(IABS(N(I)).GT.FS)H(I)=ISIGN(FS,N(I))
147 Wil) = (W(I)/QINCTI))=QIN(T)
C
C DIRFCTINN COSINE INTEGRATINN
C
K= 1
DO 179 J=1,3
DELH(J)=(TRATIO(J)'(H(J)-HPREV(J)))/NPO
179 XW{J)=WPRFEV{J)+DFLW{J)
34 DO 19 J = 1,2
MSDOT(Js1) =(XW(3)=MS(J,2))/NPO —{XW(2)#MS(J,23))/NPD
MSDOT(J,2) ={(XW(1)#MS(J,3))/NPO = (XW(3)eMS(J,1))/NPO
19 MSDOT(J,3) ={XW(2)#MS(J,1))/NPO —(XW({1)#MS(4,2))/NPD
IF{K.GE.2)GDO TD 31
00 33 yJ=1,3
WPREV(J)=W(J)
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33

31

191

32

35

180

c

1

1

1

XW(J)=W{JI+DELW(J)

DO 33 1 = 1,2

NSAVE(1,J) = MSDOT(I,J)

MS{I,J) = (MSDBL{I,J) +(H#MSDOT{1,J))/CSCALE)/NPO

K =2

GO T0 34

IF(UPDATE.NF.2)G0 TO 32

DO 191 J=1,3

DO 191 I=1,3

MSDBL(1,J)=DIRCO(T,J)*FL2NPO

MS(1,J)=MSDBL{I,J)/NPO

NXIN{3)=0

GO 7O 190

DO 35 1 = 1,2

DO 35 J = 1,3

MSDRL(1,d4) = MSDBL(I,J) +(H*(MSNOT(I,J) + DSAVF(I,J)))/DSCALE

MS(I,J) = MSNBL(T,J)/NPO ‘

MSDBL (3, 1)=DMULTI{MSDBL (1,2) yMSNRL(2,3) )=DMULT(MSNRL(?,2),MSNRL(1,3
))

MSDBL(3.2)=DMULT(MSDBL(1,3),MSDBLIZyl))—DMULT(MSDBL(713),"SﬂRL(1'1
1)

MSDBL(3{3)=DMULT(MSDBL(1,1)'MSDEL(ZyZ))—DMULT(MSnBL(?yl),“SDPL(1,2
1)

DO 180 J=1,3

MS(3,J)=MSDBL(3,J)/NPO

C FULER ANGLES AND TRIG FUNCTIONS

c

190 CALL CCATAN(EDI(1),MS{3,2),MS5(3,3))

27

28

CALL CCASIN(FD(2),-MS(3,1))

CALL CCATAN(ED(3),MS(2,1),MS{1,1))
N0 27 1 = 1,4

CALL SINCC(E(TI),SINE(])
CALL COSCCI(E(1),COSE(I)
DO 28 1 = 1,6

CALL SINCC{BETA{T1),SBETA(]
CALL COSCC(BETA(I),CRETA(I
CALL SINCC(ED(1),SINEDI(1))

)
)
))
))
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CALL COSCC(ED(1),COSED(1))
IF (NPASS.GE.NSLOWIGO TO 170
TF(MODE-1)171,101,171

c

C POSITION AND VELOCITY

c

c

C T ARRAY IS DOUBLE PRECISION

c

170 T(1)=T(1)+DELT
IF(T(1).6T.NBLFS)T(1)=DBLFS
T(2)=DMULT(TI1),T(1))
T(3)=(DMULTITI(1),T(2))%2)/3
T(4)=DMULTIT(1),T(3))
T{5)=(OMULT(TI1),T(4))/5)*4
T(6)=(DMULTI(T(1),T(5))/3)%4
TIT)=(DMULT(T(1),T(6))/T)*8
T(8)=DMULT(TI(1),T(T))
T(9)=(DMULT(T(1),T(B))/9) 8
T(10)=(DMULTIT{1),T(9))/5)*4
DO 142 J=1,10
FOUM(J)=DMULT(F(J),T(J))

142 GDUM{J)=DMULT(G(JI),T(J))

FTOT= FDUM(2)+FDUM(3)+({(({{ FDUM(10)/8+FDUM(9))/4+FDUM(B) )/

1 B+FDUM(T))/8+FDUMI6))/4+FDUM(S5) ) /4+FDUM(4)) /44DBLFS/?
GTOT=0(0((({ GDUMII0)/44GDUMIQ) ) /B+GNUMIRY ) /B+GDUMI 7)) /4+500MIEY )/
1 84GDUM({5))/4+GDUM(4))/2+GDUM(3))/2+GDUM(1)
PO 143 J=2,10
FDUM{ J)=DMULTI(F({J),T(J-1))
143 GDUM(J)=DMULT(G(J)yT(J-1))
FOOT={(((((( FDUM(10)/8+FDUM(9))/4+FDUM(8))/B+FDUM(T))/B+EDUM(AK) )/
1 2+FDUM(5))/4+FDUM{4))/2+FDUM(3)+FDIM(2) ) =2
GDOT= (({({ GDUM(10)/4+GDUM{9))/8+GDUM(8))/B+GDUMIT))/4+GOUM(6) )/
1 4+GDUM{5)) /74 +GDUM(4)+GDUM(3)+G (1)
PO 144 J=1,3
P(J)=(DMULT(FTOT,PO(J) ) +DMULT(GTOT,PPITO(J) ) ) »?
144 PDOT(J)=(DMULT(FDOT,PO(J))+DMULT(GDOT, PDOTO(J) ) ) #2
Cc
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SELECT MNDE ON MODE BRANCH

a0

60 TO (101,102,103,104,105,106,107) ,MODF

EXPFRIMENT ONE

OO0

101 IF(MODE.FQ.MDLASTIGO TO 20
K=1

155 COSWT=(DMULT{WES4,T{4))/1024-DMULT(WE2,T(2)))/256+DRLFS
SINWT=DMULT({WE,T(1))-DMULT(WE3,T{(3))/1024
SREL{1)=P(1)-DMULT(RO({1),COSWT)—-DMULT(RO(3),SINWT)/8
SREL(2)=P{(2)-R0(2)
SREL(3)=P{3)-DMULT(RO(3),COSWT)+DMULT(RO(1),SINWT)/R
VDOUB(1)=PDOT({1)-DMULTI(P(3),WE)/8
VDOUB {2)=PDOT(2)
VDDURBR (3)=PDOT({3)+DMULT(P(1),WF) /R
SDUM=0
$S0=0
NO 141 J=1,3
V{J) = VDOUB(J)/NPO
SSQ=SSQ+DMULT(SRFL(J)4SREL(J))

141 SDUM=SDUM+DMULT(SREL(J),VvDOUR(J))
S=SOQRTCC (SSQ/NM4)
SCORR=((SSQ#16—-(S=S))*128)/S
IF(TABS(SCORR) «GT.FS)SCORR=ISIGN{(FS,SCORR)
SDOT=(SDUM/S ) =4
SDUM=(SCORR#NPQO) /S
SDOT=SDOT-{SDUM+SDOT) /NP8

162 DUM=AC/4
CALL SINCC(DUM,SINAC)
CALL COSCC(DUM,COSAC)
SPRIME =(S#COSAC)/NPO
DO 185 J=1,3
OMEGA(J)=(ML(2,J)#0OMEGAE(2)) /NPO
vC(J) =0
DO 10 K=1,3

10 VC(J)=VC{J)+DMULT (MLDBL(K,J),VDOUB(K))
185 VC{J)=VC(J)/NPO
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TANAC=({SINAC#NM1)/COSAC
WC(3)=(VC(1)=NM3)/SPRIME
WC(3)=WC(3)—-(SDUM=WC(3)) /NP8
WC(3) = OMEGA(3)/256 +{OMEGA({2)#TANAC) /NPT+WC(3)
ACDOT =({VC(3)-(SDOT#SINAC)/NPO)#NM3)/ SPRIME
ACDOT=ACDOT-{ACDDT«#SDUM) /NP8
ACDOT=ACDOT-0OMEGA(1)/256
DO 11 J= 1,3
11 MLDOT(Jy1) = (WCI(3) = ML(Jy2))/NPO
IF(K=-2)166,21,26
20 K=2
166 DO 22 J =1
DSAVE(Jy 1)
22 MLDBRL{(J,1)
ADSAVE = ACDOT
AC = (ACDBL + (H#ACDOT)/CSCALE)/NPO
GO T0O 23
21 K=3
DO 24 J = 1,3
24 MLDBL(Jyl) = MLDBL(Js1) + (H#{MLDOT(J,1)-DSAVF{J,1)))/DNSCALE
ACDBL = ACDBL + (H#(ACDOT + ADSAVE))/DSCALE
AC = ACDBL/NPO
23 MLDRL (1,2)=DMULT{MLDBL{3,1),MLDBL(2,3) })-DMULT(MLDBL(2,1),MLDRL(3,3
1))
MLDRL (2, 2)=DMULT(MLDBL{1,1),MLDBL{3,3))-DMULT(MLDRL(3,1),MLDARL(L1,3
1))
MLOBL (3,2)=DMULT(MLDBL(2,1),MLDRL(1,3))-DMULT(MLDBL(1,1),MLDRL(2,3
1))
DO 181 J=1,3
ML(J,1)=MLDBL{J,1)/NPO
181 ML(J,2)=MLNBL{J,2)/NPO
IF{K-2)167,155,162
167 K=2
60 TO 162
26 EP{1)=(DMULT(MSDRL(142)yMLDPRLI(1,3))4DMULTIMSDBL(2,2),LDRL(2,3))+
1 DMULT(MSDBL(3,2),MLDBL{(3,3)))=2
EP{2)=(DMULT(MSDBRL(1,3)yMLDBL(L1,1))+DMULT(MSNBL(2,3),MLDBL (2,1))+
1 DMULT(MSDBL(3,3),MLDBL(3,1)))=2

3
MLDDT(J,1)
MLDBL({J,1) + (H#MLDOT{J, 1))/CSCALE

[

3-51



EP(3)=(DMULT(MSDBL(1ol),MLDBL(l,Z))+DMULT(MSDBL(?,1),MLDBL(2,?))+
1 DMULT(MSDBL (3,1),MLDBL(3,2)))#2
WwCci1) =0
Wct2) =0
G0 T0O 100
C
C FEXPERIMENT THWN
c
{SINE(1)-51X)
{SINE(2)-52X)
({COSE(1) =COSA(1))/NPO-S17)
QUDTNT(2’(DELIlU1X+DEL2*UIZ*DEL3*U2X),DFL)
EP(2) QUOTNT (2#(S2Y#U1X-S1Y«U2X),DELP)
EP(3) QUOTNT(2#({S22#U1X-S17#U2X),NELP)
DD 161 J=1,3
161 WC{J)=0

102 U1X
uz2Xx
ulz
EP(1)

GO YO 100
c
C EXPFRIMENT THREE
c
C
C CONVERT P VECTOR TO SINGLE PRECISION
C
103 DO 14 T = 1,43
14 PSP(I) = PI{I)/NPO
7 = SQRTCC((PSP{1)#%2 + PSP(3)=%2)/NPO)
R = SORTCC((PSP(l)'*?+PSP(2)G!2+PSP(3)l*?)/NPO)
SINTH =(PSP(1)#NPO)}/2Z
COSTH =(PSP(3)%#NPO)/Z
SINLR ={PSP(2)=NPO)/R
COSLR =(Z#NPO)/R
SIN2LR=({ SINLR#COSLR) /NM]
SINL = SINLR +(((SIN2LR*COSLR)/NPO)*KC) /NP8
COSL = COSLR —(({{SIN2LR#SINLR)/NPO)=*KC) /NP8
ZEXT =(—SINTH = COSL)/NPO
ZEYT = —-SINL
7€71 =(-COSTH = COSL)/NPO
c
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C MAKE DECISION TO UPDATE

c
IF{UPDATE.NF.1)GN TO 15
c
C UPDATE SECTION
c

DO 29 1 =1,2

SPX{1) = (-COSE({I) = SINA(I))/NPO
SPY(1) = (COSE(I) = COSA(I))/NPO
29 SPZ(1) = -SINE(I)

S1XG ={MS{1,1)#SPX(1)+MS(1,2)=SPY(1)+1S(1,3)%SPZ(1))/NPO
S126 =(MS(3,1)#SPX{1)+MS(3,2)=#SPY(1)+¢MS(3,3)%SP7{1))/NPD
S27G =(MS(3,1)%SPX(2)+MS(3,2)#SPY(2)+MS(3,3)%SP7(2))/NPO
ULIX =(S1XG - S1X)
Ulz =(S126 - S17)
U2z = (S22G6 - S22)
DELX = QUOTNT(2#(S2X*U1Z-S1X*#U217) 4DELP )/ NMT
IF(IABS(DELX) GT.FS)IDELX = ISIGN(FS,DFLX)
DELY = QUDTNT(2#(S2Y#U1Z~-S1Y®*U2Z),DELP)/NMT
ITF(TABS{DELY).GT.FS)DELY = ISIGN(FS,DELY)
NDELZ = QUOTNT(2#(DEL1#UIX+DEL2#ULZ+DEL3%1)27) 4,DEL) /NMT
IF(TABS(DFLZ).GT.FS)DELZ = ISIGN(FS,DEL7)
DO 171 = 1,3
MSDBL(1,1)
MSDBL(2,1)
DO 17 K = 1,2
17 MS{K,1) = MSDBL{K,I)/NPO
MSDBL(3,1)=DMULT(MSDBL(1,42)4MSDBL(2,3) )=DMULT{MSDRL(?2,2),MSNRLI(1,3
1))
MSDBL{3,2)=DMULT(MSDBL(1,3),MSDBL(2,1) )-DPMULT(MSDRL(2,3),MSNBL(1,1
1)
MSDBL(3,3)=DMULT(MSDBL(141)4MSDBL{2,2) )-DMULT(MSNBL(?,1),MSDRL(1,?
1))
00 182 J=1,3
182 MS{3,J)=MSDBL(3,J)/NPO
NXIN{3)=0
15 ANGLE = ANGLF + DELANG
IF(ANGLE.GE.DBLFS)ANGLE=ANGLF-DRLPI-NBLPT

MSDBL{1,1) 4+ (=MS{2,1)#NELZ+MS(3,1)=DELY)/?56
MSDBL{2,1) + (MS(1,1)#DELZ-MS{3,1)*DELX)/256h
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OO0

OO0

IF(ANGLFE .LE.—DRLFS)ANGLE=ANGLE+DRLPI+DBLPI
DUM = ANGLE/NPO

CALL SINCC(DUM ,SINDUM)

CALL COSCC(DUM ,COSDUM)

WC(1) = ( WRAR=SINDUM)/NPO
WC(2) = {WBAR=CNSDUM)/NPO
WCI(3) = ETADOT

FP{1)={({DMULTIMSDRL(1,2)sZEXI#NPO)+DMULTIMSDRL(2,2) ZEYI®NPO)+
1 DMULT(MSDBL(3,2),ZEZI*NPO))=2
FP{2)=—(DMULT(MSOBL(1,1),ZEXT#NPN)+DMULT (MSDRL(2,1),2EYT=NPO)+
1 DMULT(MSDBLI(3,1)4,2F21#NPO))*2

EPZDOT = W(3) — WC(3)

EP(3) =((H=(FPZDOT+PREV))/CSCALE)%=NSLDOW+FP(3)

PREV = EPZIDOT

GO 70 100
FXPFRIMENT FOUR
104 FP{1) = PHs#NPO

EP(2)=W{3)aNM4

EP{3) = RHaNPO

WC(1) = WBAR

WCi2y = 0

WC(3) =0

GO TO 100
MODE 5

105 DO SO0 I = 1,3
50 WCI(I) =0
IF{MDDE-MDLAST)S51,52,51
51 DD 53 I = 1,3
ECOM(T) = ED(I)
53 EP(I) =0
GO TO 100
$2 DO S5 1 = 1,3
55 DELF(I) =-ECOM(I) + EDI(I)
EP{1) = (MS(3,1)#DELE(3))*8 + DELE({1)=NP8
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EP(?2) = (MS(3,2)#DELE(3))#8 + {(CNSED(1)#NELE(2)) =4
EP(3) = (MS(3,3)=DELE(3))#8 — (SINED{1)#DELE(2))*4
GO 7O 100

C MODE 6

> 106 IF(MODE-MDLAST)56,57,56

149 DELTAE(T)

150

57

56

58

o
-~

60
59

62
61

DO 149 1 = 1,3

EC({I) - ED(I)

DELTAE(2) DELTAE(2)/2

MAX = TARS(DFLTAF(1))

DD 150 I = 2,3

TF{MAX-TABS(DFLTAE(TI)).LT.O)MAX = TABS(DFELTAF(I))

TP = {MAX*NM1) /MAXRT

TENDM=TM

IF{TM.LT.TPITENDM = TP

TP=0

TENDM=(( ( (TENDM#NM2)/DELT)+1)#DELT)/NM2

ND 58 1 = 1,3

FOCOM(I)=(DELTAE(I)=NM1)/TENDM

ECOMDP(TI) = ED(I)=NPO

TENDM=TENDM#NM2-DELT/ 2

GO 10 67

TP=TP4DELT

IF{TP -TENDM)67,59,59

tCOMDP{1) ECOMDP(1) +{ (NHHH#EDCOM(L) )/LULSCAL)#NSLNW
FCOMDP(2) ECOMNP{2) +((NHHH=#EDCOM{(2) )/DSCALF) «NSLOW
ECOMDP(3) ECOMDP(3) +((NHHH=EDCOMI3) )/LLSCAL)#NSLNW
DO 60 1 = 1,3

ECOM( 1) = ECOMDP(I)/NPO

GO 10O 61

DD 62 1= 1,3

EDCOM(T) = O

ECOM(TI) = EC(I)

WC(1l) EDCOM(1) + (EDCOM(3)#MS(3,1))/NPO

WC(2) =(EDCOM(3)=MS(3,2))/NPO + (EDCOM(2)«COSED(1))/NPO
WC(3) =(EDCOM(3)#MS(3,3))/NPO — (EDCOM(2)=#SINFD(1))/NPO
GO TNn 52 )
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c

C MODE 7

c
107
63
65
64
66

C

100
12

171

711

721

731

741
701

148

IF{MODE~MDLAST)63,64,63
DO 65 1 = 1,3

ECOMNDP(T) = ED(T1)=NPO
DO 66 1 = 1,3

EDCOM(I) = EDOTCII)

GO 10 67

DO 12 J = 1,3
IF(IABS(EP({J)).GT.DBLFS)EP(
MDLAS T=MODE
IF(NPASS.GE.NSLOW)CALL COMP
NPASS=NPASS+1
IF(NPASS.GT.NSLOWINPASS=1
GIMLIM(1)=LIMIG(3)
GIMLIM{2)=LIMIG(1)
GIMLIM{3)=LTIMIG(2)

DO 701 J=1,3
IF{JET(J).EQ.0)GN TO 711
TICNT (JI=TICNT(J) +1

J) =

X

ISIGN{DBLFS,EP(J))

IF(TUCNT (J) LLTLJETCT (JNIGD TO 701

JET(J)=0

IF{IABS{EP(J)).GTLERRLIM(I)IGO TO 721

TF(GIMLIM(J).EQ.D0)GO TN 701

TDUMMY=TSIGN(L,EP{JII+ISIGN(1,W(J)-WC(J))

TJCNT{J) =0
TF{IDUMMY)T731,701,741
JET(J)=1

GO TD 701

JET(J)=-1

CONTINUF

DO 148 1 = 1,16

XOUT(T)=(BDOTC(T)/00UT{I)) #Q0UT(T])

DO 145 1 = 1'3
XOUT{I)Y=X0UT(I)/FLNP2
XOUT{I+3)=X0UT(I+3)/FLNP2
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145

XOUT({ I+7)=X0UT{I+7)/FLNM2
XOUT(I+10)=XOUT(I+10)/FL2NP1
XOUT{ T1+413)=X0UT(I1+13)/FLNPS
NXOUT(I)=JET(I])
XOUT{7)=X0UT{7)/FLNPO
X0UT(9)=X0UT(9)/2.

RETURN

END
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$IRFTC S2X LIST

C

SUBROUTINE COMPX

COMMON/S INCO/SPACE(30),DIRCN(3,3)

COMMON/FLOTIN/XIN(25) yNXIN(12)

COMMON/FLODUT/XOUT(16) ,NXOUT (3)

COMMON/NPSCAL /NMT yNM6 o NMS o NM4 s NM3 , NM2, NM1 ,NPO ,NP1,NP2 NP3, NP4 ,NP5,
CNP6,NPT,NP8,NP9

COMMON/SCALER/CSCALE s DSCALE y LSCALE,LLSCALMSCALE NSCALF,PSCALF,
COSCALE,RSCALE, TSCALE,VSCALE

INTEGER CSCALE,DSCALE,PSCALE,QSCALE RSCALE,TSCALF,VSCALE

COMMON/FLOTSC/FLNMT7,FLNM6, FLNMS5, FLNM&, FLNM3,FLNM2 , FLNM1 ,FLNPO,
CFLNP1,FLNP2,FLNP3,FLNP4,FLNPS,FLNP6,FLNP7,FLNPB,FLNPI,

C FLNM11,FLNM10,FLNM8,FLNP12,F2NM25,F2NM15,F2NM10,FL2NM2,FL2NML,
C FL2NPO,FL2NP1

COMMON/MISCFL/FS,DBLFS,N +NH,MDLAS T,HALFFS

INTEGER FS,NDBLFS,HALFFS

COMMON/EIXIN/W(3) ,E{2)4Al2),PH,RH,BETA (3),ALPHA(3),EDNTCI3),FC(3),
CTMoHCL{3) yMNDE ¢RATEFB 4 UPDATE yNGATN, LAW ,MODCOM,LIMIG(3),LTMOG(3)

INTEGER A,ALPHA,BETA,E,EC,EDOTC,HCL  +PH,RATEFR,RH, TM,IPDATE, W,

COMMON/QUANT/QIN(25) ,QNUT(16) 4 NFXPNT

INTEGER QIN,QOUT

COMMON/F TXOUT/BDOTC (3) 4y ADOTC (3) 4AC,ED( 3) 4 EP(3) 4WC (31, JET(3)

INTEGER AC,ADOTC,RDOTC,ED,EP,HWC

COMMON/EXPLV/ACDRL ,ACDOT,ADSAVF,COSAC, COSWT, OMEGA( 3,
COMEGAE(3),R0(3)+S,SDOT, SDUM, SINAC ,STNW T, SPRIME,SREL {31,550, TANAC,
CV(3),VC(3),VDOUR{3),WE,WE2, WE3, WESL

INTEGER ACDBL,ACNOT,ADSAVE,CNSAC,COSWT, OMEGA, OMEGAF,R 04 S,
CSDOT, SDUM,STNAC, STNWT s SPRIMF y SREL , SSQ, TANAC, V, VL, VONUB, WF, WE2,WE3,
CWE4

COMMON/EXP2V/DEL y DELP ¢ DEL 1, DFL2,DEL3,S 1X,S2X4S1Y5S2Y,517,52Z,U1X,
CU2X,U1Z,U22

INTEGER DEL,DELP,DEL1,DEL2,NEL3,S1X,S2Xs S1YyS2Y4S17Z4527,ULX,U2X,
CU17,U212 ,

COMMON/E XP3V /ANGLE , COSDUM, CNSL ,CNSLR,CNSTH,DFLANG s DELX, NFLY,DEL7,
COBLPT,ETADOT oKC ,PREV, PSP {3) 4R, SINDUM, S INL ySINLRySIN2LR, SINTH,
CSPX(2),SPY(2),SPZ12),S1XG,5176,522G, WRAR,7 5 7EXI,
CZEYI,ZE71,EPZDOT
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c

INTEGER ANGLE,COSDUM,COSL,COSLR,COSTH, DFLANG,DELX,DELY,NFLZ,
CDBLPI,ETADOT, PREVyPSP,RySINDUM,SINL ySINLR,SIN2LR,SINTH, SPX,SPY,
CSPZ4+SIXGyS12G4S22Gy WBAR 47 s ZEXT 4y ZEYILZEZ2],,EPZDOT

COMMON/MODS6T/DELE(3),ECOM(3) ,EDCOM(3) ,TENDM,ECOMDP(3),DELTAE(3)},
CMAX MAXRT o TPy NHHH

INTEGER DELELECOM,EDCOM,TENDM,ECOMDP,DELTAE,TP

COMMON/CONTL1/EPPREVI3)GAIN(645) yGAINP{645) ,FPP(3),HNOM ,KLCL(6),
C MAGA(3) ,MAGB(3),MCA(3),MCB(3),TRQC(3),TROCP(3),UNITVA(3,3),
CUNITVB(3,3),20(5)

INTEGER EPPREV,GAIN,GAINP,EPP,HNDOM, TRQC, TRQCP,UNITVA,UNITVB,70

COMMON/CONTL2/DELA(3),DELB{3),D0OT1(3),D0T2(2),D0T3(3),NUM] ,DUM2,
CKSAVE,MAGASQ(3),MAGBSQ(3),TREM(3),TRQPRD(3) UNITVHI(3,3)

C +BHOLD,BSELFD,BDOTDSyMBMAX

INTEGER DELA,DELB,DOT1,D0OT2,D0T3,DUM1,DUM2, TREM,TROPRD,LUNITVH
C »BHOLD,BSELFD,BDOTDS

INTEGER TRQCPP(3)

EQUIVALENCE(TRQCPP( 1), TROPRD(1))

COMMDN/CONTL3/CGYRO(3) yCOSTA(3),CNSTB{3),RTESTLRUSE,,TNESSQ,
CTDOTA(3),TDOTB(3) s TREMSQyXKEND, ITER,NDITER

INTEGER CGYRO,COSTA,COSTB,RTEST,RUSE,TNESSO,TDOTA,TDOTR,TREMSO,
CXXEND

COMMON/DESAT/ERRLIM(3),JETCT(3),TUCNT(3),GIMLIM(3),BRDOTMX, ADOTMX

INTEGER TJCNT,FRRLIM,GIMLIM,BNDNTMX,ADDTMX

COMMON/TVECT/DELT HyT(10)4,NPASS,NSLOW, XNSLOW

INTEGER DELT,H,T

COMMON/NAV/F{10) sFDOT FDUM{I0D) g FTOT oG { 10 ) oGCDOT oGDUM{INT 4GTOTHP{3),
cPO(3),PDOT(3),PDOTO{3)

INTEGER F,FDOT,FDUM,FTOT,G,GDOT,GDUM,GTOT,P,P0,PDOT,PNOTOD

COMMON/DIRCNS/MS(3,3) ,MSDOT{3,3)4ML(3,3),MLDDOT(3,3),DSAVF(3,3),
CMSDBL (3,3)4MLDBRLI{3,3),XWI3),WPREV(3),TRATIO(3),DELW(3)

INTEGER DSAVEXW.WPREV,TRATIO,DELW

COMMON/NTRIG/COSF(2),C0OSA(2),CBETA(3), CALPHA(3),SINE(2),SINA(2),
CSBETA(3) ,SALPHA(3),SINEDI(1),COSEN(1)

INTEGER COSA,COSFE,CALPHA,CBETA,SINA,SINE,SALPHA,SRFETA,SINED,COSED

INTEGER DMULT,COST,DUM ’

C BODY RATE SELECTION AND BASELINE CONTROL LAW

c
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c

NFB=0
IF(RATEFB.EQ.1INFB=1
N0 71 I = 1,3
EPP(I) = EP(I) — DMULT(ZO(NGAIN)*NPO,EPPREV(I))#(1-NFR)
71 FPPREV(I) = EP(I)
IF(N.GE.14)G0 TO 94
DO 74 I = 1,3
KLCL{I) = DMULT(-GAIN{I,NGAIN)=NPO,EPP(1))#VSCALE - {GAINP (T, NGATN
C)e(W(I)-WC(T))=NFB)/NMT
74 KLCL(I+3) = DMULT(GAIN(I+3,NGAIN)#NPO,EPP(I))#VSCALE + (GAINP(T1+3,
CNGAIN)#(W(I)=WC{T))aNFB)/NMT
GO TD 82
94 DO 95 I = 1,3
KLCL(I) = DMULT(-GAIN(I,NGAIN)=NPO,EPP{I))/TSCALE - (GAINP (I ,NGAIN
C)#(W(I)=WC{I))=NFB)/NMT7
95 KLCL(I+3) = DMULT{(GAIN(I+3,NGAIN)#NPO, EPP(I))/TSCALF + (GATNP(T+3,
CNGAIN)# (W{T)-WC(T))=NFB)/NMT
82 DO 96 J=1,46
96 TF(IABS(KLCL{J)).GT.FSIKLCLIJI=TISIGNIFS,KLCL (J))
IF(LAW.GF.2)GO TO 73
ADOTC (1) =(KLCL{1)#SALPHA(L))/NPO 4+ (KLCL(3)=CALPHA(1))/NPC
ADOTC (2) =(KLCL{2)#SALPHA{2))/NPO + (XLCL({1)=CALPHA(2))/NPO
ADOTC(3) =(KLCL{3)#SALPHA(3))/NPN + (KLCL{2)=*CALPHA(3))/NPO
BDOTC (1) =(KLCL{S)=CBETA(1))/NPO
BDOTC (2) =(KLCL{6)*CBETA{2))/NPD
RDOTC(3) ={(KLCL(4)=CBETA{3))/NPO
GO TO 108

C PRELIMINARIES TO CONTROL LAWS 2 AND 3

c

73 DO 75 1 = 1,3

UNITVA(I,I) = SALPHA(I)
75 UNITVB(T,1) = (CALPHA(T)*SBETA(I))/NPO
UNITVA(1,2) = O
UNITVA(1,3) = CALPHA(1l)
UNITVAL(2,1) = CALPHA{2)
UNITVA(2,3) = O
UNITVA(3,1) = O
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174
173

c

79

85

UNTTVA(3,2) = CALPHA(3)
UNITVB(1,2) =—CBETA(1)
UNITVB(1,3) =(-SALPHA(1)*SBETA(1))/NPO
UNITVB(2,1) =(—-SALPHA(2)=SBETA(2))}/NPO
UNITVB(2,3) =-CBFTA(2)
UNITVB(3,1) =-CBETA(3)
UNITVB(3,2) =-(SALPHA{3)*SBFTA(3))/NPO

MBMAX=1

N0 79 I = 1,3

MAGA(T) = (HCL{I)«CBETA(I))/NPO
MAGR(I) = HCL(T)

TRQC(I)=(HNOM=KLCL{I))/NM]

IF(TABRSITRQCIIN)I.GTLFSITROC(T) = ISIGMNI(FS,TRQC(T1))
IF({IABS(BETA(I)).GT.IABS(BETA{MBMAX)) ) MRMAX=]

TRQCP({1)=TRQCI(I)

IF(IABS(BETA{MBMAX)}).GE.BSELFD)IGN TN 174

MBMAX =0

GO TO 173

BRDOTC {(MBMAX)=0

IF(MODCOM.EQ.O0)GD TO 163

MCBIL)=(HCLIL)»({{(W(2)2SALPHA(1))/NPD }=CRETA(1))/NPO+(W(3)=*SRFTA
1 (1))/NPO))Y/NPO+{HCL(2)=({{(W(3)=CALPHA(2))/NPO)=CBETA(2)) /NPN—{
2 W(2)#SBETA(2))/NPD))/NPO-(({{HCL(3)=CBETA(3))/NPO)=({(W(2)2CALPHA
3 {(3))/NPO+(W(3)xSALPHA{3)})/NPO))/NPOD
MCB(2)=(HCL(2)»({({W{3)=SALPHA{2))/NPD)=CRETA(2))/NPO+({WI1)*SBETA
1 (2))Y/NPO))/NPO+{HCL{3)={{{i{Wi{LI*CALPHA{3})/NPO)=CRFTA(3))/NPN-{
2 WI3)=SRETA(3))/NPO))/NPO-(((HCL(L)#CBETA(1))/NPO)={{W{3)=CALPHA
3 (1))/NPO+{W({1)=SALPHA(1))/NPO))/NPO
MCBI3)=(HCL(3)a(({{W(1)#SALPHA(3))/NPD )+ CBETA(3))/NPN+(W(2)=SRFETA
1 (3))/NPO))Y/NPO+IHCL{1)=({({(W(2)=CALPHA(1))/NPO)»CBFTA{1)) /NPO-{
2 W{L)#SRETA(1))/NPO)I/NPO—(((HCLI2)®CBFTA(2))/NPO)={(W(1)=CALPHA
3 {2))/NPO+{W(2)aSALPHA(2))/NPO))/NPO

PO B85 1 = 1,3

TROCP(I1)=TRQCP({1)-MCB(1)/4

C CONTROL LAW 2 (ALGEBRAIC )

c
163

IF(LAW.NF.2)GO TD 109
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DO 110 I = 1,3
DELB(1I) 0
DELA(I) 0
110 UNITVH(I,I)
UNITVH(1,2)
UNITVH(1,3)
UNITVH{2,1)

nou

(CBETA(I)=CALPHA(TI))/NPO -
SBETA(1)

~{CBETA(1)#SALPHA(1)) /PO

~(CRFTA(2)#SALPHA(2))/NPO a

ow oo

UNITVH(2,3) SBETA(2)
UNITVH(3,1) SBETA(3)
UNITVH(3,2) —{CRETA({3)#SALPHA(3)) /NPO

DO 111 I = 1,3
TRQPRD(I) = O
DO 112 J = 1,3
112 TRQPRD(I) = TRQPRD(I) +{((UNITVR(J,I)=BDOTC(J))/NPO)=*MAGR(J))/NM1+
CUUIUNITVA(J,I1)#ADOTC(J))I/NPO)I=MAGA(J)) /NML
111 TRQCPP{I) = TROCP(I) — (KSAVE#TROPRD(I))/NPO
IF(MBMAX.EQ.0)GOD TN 175
DELBR(MBMAX)=ISIGN(BDOTDS,—BETA{MBMAX))
DUM= (DELB{MBMAX) #MAGB (MRMAX) ) /NM]
N0 176 J=1,3
176 TROCPP(J)=TROCPP{J)—{ DUM=UNITVB (MBMAX, J))/NPO
175 00O 113 J 1,3

ADOTC (J) = (KSAVF=ADNTC(J))I/NPO -
BDOTC(J) = (KSAVE=*BDOTC(J))/NPO -
NOT1(J) =0
DO 113 1 = 1,3
113 DOTI{J) = DOT1(J) + (TRQCPP{II=UNITVH( J,1))/NPO
M1 =1

IF{MBMAX .EQ.1)M1=2
DD 114 J = 2,3
114 IF(IABS(DOTI(J)).LT.IABS(DOTI{M]1)).AND.J.NE.MBMAX M1=

No 115 J= 1,3 .

NoT2(J3) =0

DOT3(J) =0

DO 116 T = 1,3

DOT2(J) = DOT2(J4) + (UNITVH(M1,1)=UNITVA(J,I))/NPO )
116 NDOT3(J) = DOT3(J) + (UNITVH(ML,I)=UNITVR(J,1))/NPO

DOT2(J) = (MAGA(J)=DOT2(J))/NPO
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115 NDOT3(J) = |
DOT2(M1) =
DOT3(M1) =
M2A = 1
M2B = 1
IF(MBMAX.EQ.1)M2B=2
DO 117 J = 2,3
TF{IABS(DOT2(J)).GT.IABS{DOT2(M2A)) IM2A =

MAGB{.J)«DOT3(J))/NPO
0
0

117 TF{TABS{DOT3(J)).GT.IABS(DOT3(M2R)) . AND. J.NE.MBMAX)M?R= |

TF{IABS{DOT2(M2A))~-IABS(DOT3(M2B)))118,118,119
119 DELA(M2A) = (DOTY(M1)=#NM1)/DOT2(M2A)

DUML1 = O

puM2 =0

DO 120 J = 1,3

DELB(M1) = DELB(M1) + (TRQCPP(J)=UNITVR{M1,J))/NPO

DUM1 = DUM1 + (UNITVA(M2A,J)=UNITVB(M1,J))/NPO
DELA(M1) = DELA(M]1) + (TRQCPP(J)=UNITVA(M1,J))/NPO
120 DUM2 = DUM2 + (UNITVA(M2A,J)=UNITVA(ML,J))/NPD
DELB(M1) = ((DELB(M1)/2 - ({(DELA(M2A) #DUIM]1) /NPD) #MAGA(M?A)) /NPO) =
CNPG) /MAGB(M1)
DELA{ML) = ((DELA(M1)/2 - (((DELA(M2A)=NUM2)/NPO)#MAGA(M?4))/NPD)»
CNPO)/MAGA(M1)

GO TO 121
118 DELB(M2B) = (DOT1(M1)=NM1)/DOT3(M2B)
DUM1 = 0
DuMZ = 0O
DO 122 J = 1,3
DELB(M1) = DELB(M1) + (TRQCPP(J)=#UNITVB(M1,J))/NPO

DUML = DUML + (UNITVB{M2B,J)*UNITVB(M]1,J))/NPO
DELA(M]1) = DELA(M1) + (TRQCPP(J)*UNITVA(M1,J))/NPOD
122 DUM2 = DUM2 + {UNITVB(M2B,J)*UNITVA(M] 4J))/NPO
DELB(M1) = ((DELB(M1)/2 - ({(DELR(M2R)«#NUML) /NPO)*MAGRB(M23))/NPO)=
CNPO)/MAGR (M1)
DELA(M1) = ((DELA(M1)/2 - (((DELR(M2B) #DUM2) /NPO)«MAGR(M?2E ))/NPO)+*
CNPO)/MAGA(M])
121 N0 123 1,3
ADOTC (J) ADOTC(J) + DELA(J)
123 8DDTC (J) BDOTC(J) + DELB(J)
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GO 70 108
C
C CONTROL LAW 3 (ITERATIVE)
c
109 TREMSQ = 0
TDESSQ=0
DO 125 J=1,3
ADOTC(J) =0
BDOTC(J4) =0
TREM(J) = TRQCP(J)
MAGASQ(J) =(MAGA(J)=%2)/NPO
MAGRSQ(J) =(MAGB(J)=#2)/NPO
NO 125 1 = 1,3
UNITVA(J,]) = (MAGA(J)=UNITVA(J,1))/NPO
125 UNITVR({J,1) = (MAGB(J)#UNITVB(J,I))/NPO
TF(MBMAX.EQ.O0)GO TO 177
BDOTC (MBMAX)=ISIGN(BDOTDS,—BETA(MBMAX) )
DD 178 J=1,3
178 TREM{J)=TREM{J)-(BDOTC(MBMAX)*UNITVB{MBMAX,J))/NM]
177 DO 124 J=1,3
TREMSQ = TREMSQ + (TREM(J)=#2)/NPO
TDESSQ=TDESSQ+{(TRQC{J)=#2)/NPO
124 CGYROUY) COST(ADOTC(J),8DOTC(I),J}

DO 126 K = 1,ITER

DO 127 4 = 1,3

TDOTA(J) = 0O

TDOTR({J) = O

DO 127 I = 1,3

TDOTA(J) = TDOTA(J) + (TREM(I)=UNITVA(J,1))/NPO
127 TDOTB(J) = TDOTB(J) + (TREM(I)=UNITVR(J,1))/NPO

MINA = 1

MINB = 1

IF{MBMAX.FQ.1)MINB=2
DO 128 J = 1,3
IF{TDOTA(J)) 129,130,129
129 RTEST = (TREMSQ#NM1)/TDOTA(J)
COSTA{J) = COST(ADOTC{J)+RTEST,BNOTC(J),J) — CGYRNO(J)
TF(COSTA(J).LT.COSTA(MINA) IMINA = J
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130
131
132

133
128

134

136

135

138

137

154

GO TO 131

COSTA(J) = FS

IF(TDOTR(J))132,133,132

RTEST = (TREMSQ#NM1)/TDOTB(J)

COSTB(J) = COST(ADOTC(J) ,BDOTC(JII+RTEST,J) - CGYRO(J)
TF({COSTB(J).LT.COSTB(MINB) .AND. J.NEF.MBMAX )MINB=Y
GO 7O 128

COSTB(J) = FS

CONTINUE

IF(COSTA(MINA)-COSTB{MINB) )134,134,135

RUSE = (TDOTA{MINA)=NM1)/MAGASQ(MINA)

DO 136 J = 1,3

TREM(J) = TREM(J) — (RUSE*UNTTVA{MINA, J))/NML
ADOTC (MINA) ADOTC (MINA) + RUSF

CGYRO(MINA) COST(ADOTC(MINA),RDOTC(MINA),MINA)
GO 10 137

RUSE = (TDOTR(MINB)«NM1) /MAGRSQ (MINB)

DO 138 J = 1,3

TREM(J) = TREM{J) - (RUSESUNITVR{MINR, J))/NM]

RDOTC{MINB) = BDOTC(MINB) + RUSE
CGYRO(MINB) = COST(ADOTC(MINR),ARNDNTC(MINR),MINB)
TREMSQ = O

DO 139 J = 1,3

TREMSQ = TREMSQ + (TREM(J)==2)/NPO
IF(TREMSQ.LT. (XKEND#TDFSSQ)/NPO)IGOD TD 154
CONTINUE

NOITER = ITER

GO TO 108

NOITER =

C
C DESATURATION
c
1

DO 160 J=1,3

TF(TABS(BDOTC(J)).GT.BDOTMX)IBDOTC (J)=ISIGN(PDOTMX,BDNTC(J) )
TF(IABS{ADOTC{J)).GT.ADOTMXIADOTC(J)=ISIGN(ADPNTMX,ADNTC(J))
RETURN

END
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$IBFTC S3 LIST

C
C

SUBROUTINE COMP

COMMON/SINCO/SPACE(30),DIRCO{3,3)

COMMON/FLOTIN/XIN(25) yNXIN{(12)

COMMON/FLODUT/XDUT{16) 4NXOUT(3)

COMMON/MISCEL/FS,DBLFS,N s NH,MDLAS T, HALFFS
COMMON/FIXIN/W(3),E(2),A(2),PH,RH,BETA(3),ALPHA(3),EDOTCI(3),FC(2),
CTM HCL(3) ,MODE,RATEFBUPDATE {NGATIN, LAW ,MODCOM,LIMIG(3),LIMOG(3)
INTEGER RATEFB,UPDATE

COMMON/FIXDUT/BDOTC(3),ADDTC(3) 4AC,ED(3),EP(3),WC(3),JET(3)
COMMON/EXP1V/ACDRL,ACDOT s ADSAVE,COSAC, COSHT, NMEGA (3},
COMEGAE(3),R0(3),S5,SDOT,SDUM,SINAC,,SINWT, SPRIME,SRFL(3),550,TANAC,
CV{3),VC{3),VNOUB(3),WE,WE2,WF3,WF4

COMMON/FXP2V/DEL 4 DELP,DEL1,DFL2,DEL3,S1X,52X,S5S1Y,52Y,S12,S2Z,U1X,
cuz2x,U1lz,u22
COMMON/EXP3V/ANGLE,COSDUM,COSL,COSLRy,COSTH,NELANG,DFLX,PFLY,DFL7,
COBLPT,ETANOT4KC 4 PREV,PSP{3),R,SINDUM,SINL,STNLRySTIN2LR,SINTH,
CSPX(2)4SPY(2),4SP7(2),S1XG4S17G,4S?2G, WRAR 74 ZEXT,
CZEY1,2EZ1,EPZDOT

REAL KC
COMMON/MODS567/DELF(3),FCOM(3),EDCOM(3) , TENDM,FCOMDP (3),DFLTAF(3),
CMAXMAXRT TP, NHHH

REAL MAX,MAXRT
COMMON/CONTL1/EPPREVI3) ,GAIN(645) 3GATNP{6,5),FPP(3),HNOM ,KICL{6),
c MAGA (3) yMAGB(3),MCA(3),MCB(3),TROC (3),TROCP(3),UNITVA(3,3),
CUNITVB(3,3),20(5)

REAL KLCL,MAGA,MAGB,MCA,MCH

COMMON/CONTL2/DELA(3) ,DELB(3),DDT1({3),00T72(3),P0T3(3),DUML,DUM2,
CKSAVFE ,MAGASQ(3),MAGRSQ(3),TRFM(3),TRQPRND(3),UNITVH(3,3)
C »BHOLD,BSELFD,BDOTDS,MBMAX

REAL KSAVE,MAGASQ,MAGBSO

DIMENSION TRQCPP(3)

FQUIVALENCE(TRQCPP(1),TRQPRN(1))
COMMON/CONTL3/CGYR0D(3),COSTA{3),C0STR(3),RTEST,RUSE, TDESSQ
CTDDTA(3),TDOTB(3) , TREMSO, XKEND, ITER,NOITER
COMMON/DESAT/ERRLIM{3),JETCT(3),TJCNT(3),GIMLIM(3),BDOTM, ADOTMX
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INTEGER TJUCNT,GIMLIM
COMNDN/TVECT/DELT!H'T(IO)vNPASSQNSLOH’XNSLUN
COMHDN/NAV’F(10),FDOT'FDUM(lO),FTUTvG(10)1GDOT1GDUM(10)9CTOT1P(3)9
CPO{3),PDOT{(3),PDOTO(3)
COMMON/D!RCOS/MS(B,B),MSDUT(3,3).ML(3.3),MLDOT(%y3),DSAVE(3,3),
CMSDBL(393,,HLDBL(3,3)’XH(3)yNPREV(3)yTRATIO(7)'DFLW(3)

REAL MS,MSDDT,ML,MLDOT,MSDBL,MLDRL
COMMON/NTRIG/COSE(?)QCUSA(Z’.CBETA(3)QCALPHA(3)1SINE(?),SINA(?)v
CSBETA(3),SALPHA(3),SINED(1),COSEN(1])

DATA TWOPI1/6.2831853F0/

C EQUATE THE INPUT VECTORS

DO 140 I = 1,37
140 W{I) = XIN(T)

DIRECTION COSINE INTFGRATION

OO0

K=1
DO 179 J=1,3
DELW(J)= TRATIO(J)*#(W({J)-WPREV(J))
179 XW(J)=WPREV(J)+DELW(J)
34 DO 19 J = 1,2
MSDOT(Jy1) =XW{3)#MS{J,2) —-XW(2)=MS(J, 3)
MSDOT(Js2) =XW(1)®#MS(J,3) —XW(3)=MS(J, 1)
19 MSDOT(Je3) =XW(2)#MS(J,1) —XW{L1)#MS(J, 2)
IF(K.GE.2)G0 TO 31
DO 33 J=1,3
WPREV(J)=W{(])
XW{J)=W(J)+DFELWI(J)
DO 33 1 = 1,2
DSAVE(I,J) = MSDDT(I,J)
33 MS{I,J) = MSDBL(T,J) + H#MSDDOT{(1I,J)
K=2
GO TO 34
31 IF(UPDATE.NF.2)GD TO 32
DO 191 J=1,3
DO 191 1=1,3
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MSDBL(1,J)=DIRCOlI,J)
191 MS{T1,J)=MSDBL(1,J)
NXIN(3)=0
GO TO 190
32 D0 35 1
DO 35 J
MSDBL (I,
35 MS(I,4)

142

1,3

) = MSDBL{I,J) +(H/2.)=(MSDDT(1,J)4DSAVE(T,J))
MSDBLI(I,J)

[T I T | I [ I

MS(3,1) MS(1,2)#MS{2,3) — MS{2,2)#M5(1,3)
MS13,2) MS(143)#MS{2,1) — MS(2,3)#MS5(1,1)
MS(3,3) MS(1,1)#MS{2,2) - MS(2,1)#MS5(1,2)

c
C FULFR ANGLES AND TRIG FUNCTIONS
c

190 ED(1)=ATAN2(MS(3,2),MS5(3,3))
ED(2)=ASIN(-MS(3,1))
ED(3)=ATAN2(MS(2,1),MS5(1,1))

DO 27 I = 144
SINE(I) = SIN(E(I))
27 COSE{1I) = COS{E(I))
DO 28 1 = 146
SBETA(I) = SIN(BETA(I))
28 CBETA(1) = COS(BETA(I))
SINED(1) = SIN(ED{(1))
COSED(1) = COS(EN(1))

IF(NPASS.GE.NSLDOWIGO TO 170
IF(MODE-1)171,101,171

c
C POSITION AND VELOCITY
c
170 T(1)=T(1)+DELT
FT0T=0.
GTDT=0.
FDOT=0.
GDOT=0.

D0 142 J=2,10
142 T(J)=T(1)*+T(J-1)/FLOAT(J)
DD 165 K=2,10
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OO OO0

165

144

J=12-K
FOOT=FDOT+F(J)=T(J-1)
GDOT=GDOT+G(J)=T(J-1)
FTOT=FTOT+F(J)=*T(J)
GTOT=GTOT+G(J)»T(J)
FTOT=FTOT+1.

GTOT=GTOT+T(1)

GDOT=GD0OT+1.

DO 144 J=1,3
P(J)=FTOT*PO(J)+GTOT*PDOTO(J)
PDOT(J)=FDOT*PO(J)+GDOT*PDOTO(J)

SELECT MODE ON MDODE BRANCH

GO 7O (101,102,103,104,105,106,107) ,M0DE

EXPERIMENT ONFE

101

155

141

162

IF{MODE.FQ.MDLAST)IGO TO 20

K=1

COSWT=WE4+T(4)-WE24T(2)+1.
SINWT=—WE3#T(3)+WExT(1)
SREL{1)=P(1)-RO(1)*#COSWT-RO(3)#SINWT
SREL({2)=P(2)-R0O(2)
SREL{3)=P(3)-RO(3)#COSWT+RO(1)#SINWT
VOOUR(1)=PDOT(1)-P{3)aWF

VDOUB (2)=PDOT( 2)

VDOUB (3)=PDOT(3)4P(1)#WE

SDUM=0.

$S0Q=0.

N0 141 J=1,3

V(J) = VvDOUB(J)

SSQ=SSQ+SREL(J)#=?2
SDUM=SDUM+SREL (J) *VDOUB(J)
S=SQRT(SSQ)

SDOT=SDUM/S

SPRIME = S#CNS(AC)

DO 10 J = 1,3
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OMEGA (J)=(ML (2, J)=0OMEGAE(2))

vc(J) = 0.
DO 10 K = 1,3

10 VC(J) = VC(J) + MLI(K,J) = V(K) .
TANAC = SIN(AC)/COS(AC) ‘
WC(3) = OMEGA(3) + OMEGA{2) » TANAC + VC(1)/SPRIME
ACDOT = (VC{3)-SNOT+SIN(AC))/SPRIME - OMEGA(1) -
00 11 J = 1,3

11 MLDOT(J,1) = (WCI(3) = ML(J,2))
IF{K-2)166421,426
20 K=2
166 DD 22 J = 1,3
DSAVE(J,1) = MLDDT(J,1)
22 ML(J,1) = MLDBL(J,y1) + HeMLDOT(J,1)
ADSAVE = ACDOT
AC = ACDBL + H#=ACDOT
GO 10 23
21 K=3
N0 24 J =1,3
MLDBL (Jy1) = MLDRL(Js1) + H=e(MLDOT(Jy1)+ DSAVE(J,1))/2.
24 ML(Jy1) = MLDBLI(J,1)
ACDBL = ACDBL + H=(ACDOT + ADSAVF)/2.

AC = ACDSBL
23 ML(1,2) = ML(3,1)eML{2,3) — ML{2,1)#ML(3,3)
ML(2,2) = MLI{1,1)2ML(3,3) — ML(3,1)sML(1,3)
ML{3,2) = ML(2,1)#ML{1,3) — ML(1l,1)=ML(2,3)
IF(K-2)167,155,162
167 K=2
GO 10 162
26 EP(1) = MS(1,2)#ML{1,3)+MS(2,2)%ML(2,3)4¢MS(3,2)=M(3,3)
FP{2) = MS(1,3)#ML(1,1)4MS{2,3)%ML(2,1)+MS(3,3)eML(3,1)
EP(3) = MS(1,1)#ML{1,2)+MS(2,1)=M(2,2)+MS(3,1)=ML(3,2)
WC(1) = O.
WCt2) = 0.
GO 70 100
c -
C EXPERIMENT TWO
c
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c

17

15

Ulx = S1XG - S1X

U1z = S116 - S12

U2z = S216 - S27

DELX = (S2X#U1Z - S1X#U2Z)/DELP

DELY = (S2Y#*U1Z - S1Y=U2Z)/DELP

DEL2 = (DEL1#UIX + DEL2#U1Z + DEL3#U2Z)/DEL

DO 17 1 =1,3
MSDBL (1,1)=MSDBL(1,1)-MS{2,1)#DELZ+MS{3,1)#DELY
MSDBL (2, 1)=MS(1,1)#DEL2+MSDBL{2,1)-MS(3,1)=DELX
DO 17 K 142

MS({K,I) = MSNBL(K,1I)

MS({3,1) = MS{1,2)#MS(2,3) - MS(2,2)=MS(1,3)
MS(3,2) = MS(1,3)8MS(2,1) — MS(2,3)#MS(1,1)
MS(3,3) = MS(1,1)#MS(2,2) — MS(2,1)#M5(1,2)
NXIN(3)=0 -
ANGLE = ANGLE + DELANG

IF(ANGLE .GE . 4. YANGLE=ANGLE-TWOPI
IF(ANGLE.LE.—4.)ANGLE=ANGLE+TWOP!

WC(1) = WBAR#*SIN(ANGLEF)

WC(2) = WBAR=COS{ANGLE)

WC{3) = ETADOT

EP(1) = MS(1,2)#ZEX] + MS(2,2)#2FY] + MS{3,2)#7E71

EP(2) =—MS(1,1)#2EXT — MS(2,1)#ZFEY] - MS{3,1)=7F71
EPZDOT = W(3) — WC(3)

EP(3) = H*(EPZDOT + PREV)#XNSLOW/2. +EP(3)

PREV = EPIDOT

G0 1O 100

C EXPERIMENT FOUR

c
104

EP{1) = PH
EP({2)=W(3)
EP(3) = RH
WC({1) = WBAR
Wwct2) = 0.
WC(3) = 0.
GO 1O 100
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C MODE S

c
105
) 50
51
53

52
55

c

DO S50 I = 1,3

WCtl) = 0.

IF(MODE-MDLAST)S51,52,51

DO 53 1 = 1,3

ECOM(I) = ED(I)

EP(I) = O.

GO TO 100

DO 551 = 1,3

DELE(I) =—ECOM(I) + ED(I)

EP(1) = MS(3,1)#DELE(3) + DELE(1)

EP(2) MS{3,2)=DELE(3) + COSED(1)«DELF(2)
EP(3) MS(3,3)#DELE(3) - SINED(1)*DELE(2)
GO TO 100 '

C MODE 6

c
106
56
149

150

58

67

TF{MODE-MDLAST)56,57,56
DO 149 I = 1,3

DELTAE(I) = EC(I) - ED(I)
MAX = ABS(DELTAE(1l))

DO 150 I = 2,3

TF{MAX~ ABS(DELTAE{I)).LT.0.)MAX = ABS(DELTAE(I))

CONTINUE

TP = MAX/MAXRT

TENDM = TM™M
IF{TM.LT.TP)TENDM = TP
TP=0. 4
TENDM=(FLOAT(IFIX{TENDM/DELT))+1.)#DELTY
DO 58 1 = 1,3
EDCOM(I)=DELTAE(Y)/TENDM
ECOMDP{1I) = ED(I)
TENDM=TENDM-.5#DELT

GO YO 67

TP=TP+DFLY

IF(TP -TENDM)67,59,59
DO 60 1 = 113
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60

59

ECOMDP(I) = ECOMNDP(1) + DELT#EDCOM(I)
ECOM(I) = ECOMDP(I)

GO 70 61

DO 62 1 = 1,3

EDCOM(I) = O.

62 ECOM(I) = EC(T)
61 WC(1) = EDCOM(L) + EDCOM(3)=MS5(3,1)
WC(2) = EDCOM(3)=MS(3,2) + EDCOM(2)+CDSED(1)
WC(3) = EDCOM(3)=MS(3,3) — ENCOM(2)sSINEDI(1)
GO TO 52
C
C MODFE 7
c
107 IF(MODE-MDLAST)63,64,63
63 DO 65 1 = 1,43
65 FCOMDP({I) = ED(I)
64 DO 66 I = 1,3
66 EDCOMI(I) = EDOTCI(I)
GO YO 67
C
C RNODY RATF SELECTION AND BASELINE CONTROL L AW
C
100 MDLAST=MODE

71

74

IF{NPASS.LT.NSLOWIGO TO 171

XFR=0.

IF(RATEFB.EQ.1)XFB=1.

DO 74 1 = 1,3

EPP(I) = EP(I) — ZOINGAIN)*FPPREV(I)#(1.—-XFR)
EPPREV(I) = FP(I)

KLcr(r)

~GAIN(T,NGAIN)=EPP(T)—GAINP({ T,NGATN)#{W({I)-WC(]) ) =XFR
KLCL{T+3)=GAIN(T+3,NGAIN)#EPP{T)+GAINP (1 +3,NGATN)#(W(T)-WC (1) )=XFR
IF({LAW.GE.2)G0O TO 73

ADDTC (1) = KLCL(1) = SALPHA({1) + KLCL(3) » CALPHAI(l)
ADOTC(2) = KLCL(?2) » SALPHA({2) + KLCL(1) = CALPHA(2)
ADDTC(3) = KLCL(3) # SALPHA{3) + KLCL(2) # CALPHA(3)
BDOTC (1) = KLCL{S) = CBETA(1l)
BDOTC(2) = KLCL{6) = CBETA(?)
BDOTC(3) = KLCL{4) = CBETA(3)
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c

GO0 TO 108

C PRELIMINARIES TO CONTROL LAWS 2 AND 13

c

174
173

73 DO 75 1 =

7

~d
]

5

UNITVA(I, D)

1,3

SALPHA(I)

UNITVB(I,I) = CALPHA(I)eSBETA(I)
UNITVA(1,2) = O.

UNITVA(1,3) = CALPHA{1)
UNTITVA(2,1) = CALPHA(2)
UNITVA(2,3) = O.

UNITVA(3,1) = O.

UNITVA(3,2) = CALPHA(3)
UNITVB(1,2) = —-CBRETA(1)
UNITVB(1,3) = —SALPHA(1)#SBETA(1)
UNTTVB(2,1) = —SALPHA(2)«SBETA(2)
UNITVB(2,3) = —-CBETA(2)
UNITVB(3,1) = —CBETA(3)
UNITVB(3,2) = —SALPHA(3)#SRETA(3)
MBMAX=1

NO 79 1 = 1,3

MAGA(I) = HCL(I)=CBETA(I)

MAGB(I) = HCL(I)

TRQC{1)=HNOM=*KLCL(T)

IF{ ABS(BETA{I)).GT. ABS{BETA(MBMAX)))MRMAX=1

TROCPII TRQC(!)

IF{ ABS{BETA(MBMAX)).GE.BSELFD)GO TO 174

MBMAX=0

GO 10 173

BDOTC (MBMAX)=0.

IF(MODCOM.EQ.0)GN TO 163
MCB{1)=HCL(1)#(W(2)#SALPHA{1)#CBETA(1)+W(3)=SBETA(1))+HCL(2)=(W(3)
1 #*CALPHA(2)#CBETA({?)-W(2)#SBFTA(2))-HCL(3)#CRETA(3)=(W(2)*CALPHA
2 (3)4W(3)«SALPHAL(3))

MCB(2)=HCL(2)# (W(3)#SALPHA(2)#CBFTA(2)+W{L1)#SRETA(?2))+HCL(3)=(W(1)
1 «CALPHA(3)*CBETA(3)-W(3)*#SBFTA{3))-HCL(1)*CRETA(1)=(W(3)*CALPHA
2 (1)+W{1)=SALPHA(]))

MCB{3)=HCL(3)# (W{1)#SALPHA(3)*CBETA{3)+W(2)#SBETA(3))+HCL(1)*(W(2)
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1 *CALPHA{1)*#CBETA{1)-W(1)#SBFTA{1))-HCL(2)=CBETA(2)*{W(1)#CALPHA
2 (2)+W(2)+SALPHAL2))
DO 85 I = 1,3

85 TROCP (1)=TRQCP(I)-MCB(1)

C
C CONTROL LAW 2 (ALGEBRAIC )
C
163 IF(LAW.NE.2)GD TO 109
DO 110 I = 1,3
DELB(I) = 0.
DELA(TI) = O.

110 UNITVHI(I,I)
UNTTVH(1,2)
UNITVHI(1,3)
UNITVH(2,1)
UNITVH(2,3)
UNTTVH(3,1) SRFTA{3)

UNITVH(3,2) =-CBFTA(3)*SALPHA(3)
DD 111 I = 1,3
TROPRD(T) = O.
DD 112 J = 1,3
112 TROPRD(I) = TROPRD(I) + UNITVB(J,1)#BDOTC(J)*MAGR(J) + UNTTVALJ, D)
C#=ADDTC(J)=*MAGA(I)

111 TRQCPP(I) = TRQCP(T) — KSAVE#TRQPRDI(I)
IF{MBMAX.EQ.0)GO TO 175
DELR(MBMAX)= SIGN(BDOTDS,—-BRETA(MBRMAX))
DUMMY =DFLB(MBMAX ) #MAGB (MBMAX)

DO 176 Jd=1,3
176 TROCPP(J)=TRQCPP(J)-DUMMY=UNITVR{MBMAX ,J)

CRETA{T)#CALPHA(T)
SBETA(1)
—-CRFTA(1)#SALPHA(1)
~CBETA(2)#SALPHA(2)
SBRETA(2)

wononounu

175 DO 113 J = 1,3
ADDTC (J) = KSAVE=ADOTC(M)
BDOTC {J) = KSAVE=RDOTC(J)
DOT1(J) = O.
DO 113 1 = 1,3
113 DOTLI(J) = DOTL(J) + TRQCPP(I)#UNTITVH(J,I1)
Ml =1

IF(MBMAX.EQ.1)IM1=2
DD 114 J = 2,3
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114

116

115

117

119

120

118

122

IF(ABS(DOTI(J))LT.ABS(NOT1(M1)).AND.J . NE.MRMAX)M] =
DO 115 J = 1,3

noT2(3) = 0.

noT3(J) = 0.

DO 116 1 = 1,3

DOT2(J) = DOT2(J) + UNITVHIML,I)«UNITVA(J,I)
DOT3(J) = DOT3(J) + UNITVH(MI,I)=UNITVB(J,I)
NOT2(J) = MAGA(J)Y=DOT2(J)

DOT3(J) = MAGR(J)=DOT3(J)

DOT2(M1) = O.

DOT3(M1) = O.

M2A = 1

M28 = 1

IF{MBMAX.EQ.1)M2BR=2

DO 117 J = 2,3

TF(ABS(DOT2(J)).GT.ABS(DOT2(M2A)) )M2A = J
TF{ABS{DOT3(J)).GT.ABS(DOT3(M28)).AND, J.NE.MBMAX)IM2R=]
TF{ABS(DOT2(M2A))-ABS(DOT3(M28)))118,118,119

DELA(M2A) = DOT1(M1)/DOT2{M2A)

NUM1 = 0.

DUM2 = 0.

DO 120 J = 1,3

DELB(M1) = DELB(M1) + TRQCPP(JI*UNITVR(M],J)

NUM1 = DUM1 + UNTTVA(M2A,J)=UNITVB(M1,J)

DELA(M]1) = DELA(M]1) + TRQCPP{J)#UNITVA(M], )

DUM2 = DUM2 + UNITVA(M2A,J)=UNITVA(M], J)

DELB(M1)= (NDELB(M1)-DELA(M2A)#DUML=MAGA(M2A))/MAGR(M])
DELA(M1)= (DELA{M1)-DELAIM2A)*DUM22MAGA(M2A) )/MAGA(M])

GO TO 121

DELB(M2B) = DOT1{M1)/DOT3{M?8B)

DUML = 0O,

DUM2 = 0.

DO 122 J = 1,3

DELB(M1) = DELB(M1) + TRQCPP{J)=UNITVB(M1,J)

DUML = DUM1 + UNTTVB(M2B,J)*UNITVB(ML,J)

DELA(M1) = DELA(M1) + TRQCPP(J)=UNITVA (M],J)

DUM2 = DUM2 + UNITVB(M2B,J)*UNITVA(M], J)

DELB{(M1) =(DELB(M1)-DELB(M2B)*DUM1I*MAGB{M2R)) /MAGR(M])
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121

123

c

DELA(M1) =(DELA(M1)-DELB(M2B)*DUM22MAGR(M2R))/MAGA(M])
DO 123 J = 1,3

ADOTC(J) = ADOTC(J) + DELA(J)

BOOTC(J) = BDOTC(J) + DELB(J)

GO 7O 108

C CONTROL LAW 3 (ITERATIVE)

C
109

125

178

177

124

127

TREMSQ = 0.
TDESSQO=0.

DO 125 J=1,3
ADOTC({J) = 0.
BDOYC(J)Y = 0.
TREM{J) = TROCP(J)

MAGASQ(J) = MAGA{J)=#2

MAGRSQ(J) = MAGB(J) =2

DO 125 1 = 1,3

UNITVA(J,1) = MAGA(J)=UNITVA(J,I)

UNITVR(J,1) MAGB(J)#UNITVR(J, 1)
IF(MBMAX.EQ.0)GD TO 177

BDOTC (MBMAX)= SIGN(RDOTDS,~RETA(MBMAX))

PO 178 J=1,3

TREM{J)=TREM{ J)- BDOTC(MBMAX)#UNITVB(MBMAX,J)
DO 124 J=1,3 :
TRFMSQ = TRFEMSO + TREM(])) %2
TDESSQ=TDESSO+(TROC(J)#=2)

CGYRN(J) = COST(ADDTC(J),BDNTC{J),J)

DO 126 K = 1,1TER

DO 127 4 = 1,3

TOOTA(J) = 0.

TDOTB(J) = O.

DO 127 1 = 1,3

TDOTA(J) = TDOTA(J) + TREM({I)=UNTTVA(J,I)
TDOTB(J) = TDOTB(J) + TREM({I)«UNITVB(J,I)
MINA =1

MINB =1

TF{MBMAX.EQ.1)MINR=2
DO 128 J = 1,3
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129

130
131
132

133
128

134

136

135

138

137

139

126

154
c

IF{TNOTA(J))129,130,129

RTEST = TREMSQ/TNOTA(J)
COSTA(J)=COST(ADOTC(J)+RTEST,BDOTC(J),J)- CGYRN(J)
TF(COSTA(J)LT.COSTA(MINA)IMINA = J

GO TD 131

COSTA(J) = 1.E10

IF(TDOTB(J))132,133,132

RTEST = TREMSO/TDOTB(J)

COSTB(J) = COST(ADOTC(J)4BDOTC{J)+RTEST,d)— CGYRN(J)
TF(COSTB(J).LT.COSTBI{MINB) .AND. J.NE.MBMAX)IMINB=J
GO TD 128

COSTB(J) = 1.F10

CONTINUE

IF(COSTA(MINA)-COSTBIMINB))134,134,135

RUSE = TDOTA(MINA)/MAGASQ(MINA)

DO 136 J = 1,3

TREM(J) = TREM(J) — RUSE#UNITVA(MINA,J)

ADOTC (MINA) = ADDTC(MINA) + RUSE

CGYRDO(MINA) = COST(ADOTC(MINA),BDOTC(MINA),MINA)
GO 70 137

RUSE = TDOTBR{MINR)/MAGBSQIMINB)

DO 138 J = 143

TREM(J) = TREM(J) — RUSE=UNITVB(MINB,J)

BDOTC (MINB) BDOTC(MINB) + RUSE

CGYRO(MINB) COST(ADOTC(MINR)},BADOTC(MINRB) ,MINR)
TREMSQ = 0.

N0 139 4 = 1,3

TREMSQ = TREMSQ + TREM(J)es2
IF(TREMSQ.LT.(XKEND«TDESSQ))GO TN 154

CONTINUE

NOITER = ITFR

GO 70 108

NOITER = J

C DESATURATION

c
108

DO 160 J=1,3 '

IF( ABSI{BDOTC(J)).GT.BDOTMXIRDOTC (J)= SIGN{RDNTMX,BNNTC(J))
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160 IF{ ABS{ADOTC(J)).GT.ADOTMX)ADOTC{J)= SIGN(ANDTMX,ADOTC(J))

171 NPASS=NPASS+1
IF(NPASS.GT.NSLOW)INPASS=1
GIMLIM(1)=LIMIG(3)
GIMLIM(2)=LIMIG(1)
GIMLIM(3)=LIMIG(?)
DO 701 J = 1,3
TF(JET(J).EQ.O0)GO TO 711
TJCNT {J)I=TJCNT(J)+1
IF(TICNT{J).LTLJETCT (J)IGO TO 701
JET(J) = 0

711 IF(ABS(FP(J)).GTL.ERRLIMII)IGO TO 721
IFIGIMLIM(J).EQ.D0)GO TO 701

721 DUMMY = SIGN{(1l.sFP(J)) + SIGN{l.,W(J)-WC(J))
TJUCNT(J) = O
TFINDUMMY)IT731,701, 741

731 JET(J) =1
GO 70 701

741 JET{J)= -1

701 CONTINUE

C

C FQUATE THE QUTPUT VECTORS

c
N0 145 1 = 1,19

145 XOUT(I) = BDOTCI(T)

RETURN
END
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Subroutine RKII

Entry points. — RKII, RKRS, RKIC.

Called by. — MAIN, INITIL.

Calls. — EXPER, FINDBP, EVDERP, DERIV, ENERGY, FINDMG.

Function. — Fourth order Runge-Kutta integrator.

Comments. — Calls to EXPER, FINDBP, EVDERP are to recompute coulomb
friction when step size changes. A call to ENERGY performs computations at the end

of each complete integration interval H. A call to FINDMG recomputes gimbal servo
inputs if there has been a change in the gimbal limit situation.
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$IBFTC S4 LIST

13

104

Cusnan

103

Cannsw

Canns

SUBROUTINE RKII

COMMON/RKYV/ SVIT9)
COMMON/RKYVNB/TSTOP,DBLT,DSV{79)
DOUBLE PRECISION DSV
COMMON/RKYDV/SVDER(79)

COMMON/RKC/U(T9) yUMIN(T79) yHMINy HUSE H, NDOUBL NINT, T, TRETRN,

1 NOINT{79)
DOUBLE PRECISION ERROR(79),SVINCI(T79),
IF{TRETRN.LE.O. JRETURN
TSTOP=DBLT+TRETRN
NEND=0
ODD=TSTOP-DBLT
IF(ODD.GT.HUSE)GD TO 1
H=0ND
NEND=1
GO 70 3
H=HUSE
HALFH=,.5%H
I1F(H. EQ.HPREV)IGO TO 103
HPREV=H
IF(NINT.GT.47)CALL EXPER
CALL FINDBP
CALL EVDERP
NO 104 J=1,NINT
ERRDR (J)=HALFH=SYDER{J)
SVINC (J)=ERROR(J)
COMPUTE K2
T=DBL T+HALFH
DO 4 J=1,NINT
SVIJ)=DSVI(J)+ERRNR(J)
+ WHERE ERRDR(J)=K1{J)/2
CALL DERIV
DO S J=1,NINT
XK(J)=H=SVDER(J)
SVINC(J)=SVINC(J)+XK{(J)
COMPUTE K3
SV(J)=DSVIJ)+.5%XK(J)
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CALL DERI1V
DO 6 J=1,NINT
XK{J)=HesSVDER(J)
SVINC{J)=SVINC{J)+XK{J)
FRROR(JI=ERROR(J)-XK(J)
Cesusxs CDOMPUTE K&
6 SVJ)Y=DSV(J)+XK{J)
T=DBL T+H
CALL DER1V
DO 7 J=1,NINT
XK{J)=HALFH=SVDER(J)
SVINC(I)=(SVINC(J)+XK(J))/3.
ERROR (JI=ERRNR(JI1=-2.#XK(J)
Cenax COMPUTE KS = KINEXT
7 SV{J)=DSV{J)+SVINC(J)
CALL DERIV
MININD=0
NO 8 J=1,NINT
XK(J)=HALFHeSVDER({J)
ERROR(J)=(ERROR(J)+3 . #XK(J))=2,
IF(U(J).LE.D0.)GD TO 8
IF(ABS{SNGL (FRROR({J))).GE.U(J)IGO TO 100
IF{MININD.GT.0)GO TO 8
MININD=-1
IF{ABS{SNGL (ERROR(J))).GE.UMIN(J)IMININD=1
8 CONTINUE
IF{H.LT.HUSF}IGO 7O S
IF{MININD.GF.O)GO TO 9
NCOUNT=NCDUNT+1
IF{NCOUNT.LT.NDOUBL)GO TO 9
HUSF=2.#HUSFE
NCOUNT=0
9 DBLT=DBLT+H
IF(H.EQ.HUSE)GO 70O 11
ODD=HUSE/H
DO 10 J=1,NINT
10 XK{J)=0DD#XK(J)
11 DO 12 J=1,NINT
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DSVIJ)=DSVIJI+SVINC ()
SVINC (J)=XK(J)
12 FRROR (J)=xXK(J)
CALL ENFERGY( INDRS)
LIM1=48
LIM2=51
HALFH=,.5S#HUSE
17 DO 15 J=LIM]1,LIM?2
ERROR ( J)=HALFH*SVDER(J)
15 SVINC{J)=ERROR(J)
TF{INDRS.EQ.D0)GO TO 16
CALL FINDMG
INDRS=0
LIM1=25
LIM2=30
GoD 10O 17
16 IF(NEND.EQ.1IRETURN
GD TO 13
Cs=z»s H T00 BIG
100 NCOUNT=0
NEND=0
HUSE=,.5#HUSFE
TF{HUSE.LT.HMINIGO TO 200
H=HUSE
HPREV=H
HALFH=,58H
T=DRLT
DO 101 J=1,NINT
101 SviJd)y=Dsvid)
Ceeaxs COMPUTE K1
CALL DERYV
ND 102 J=1,NINT
ERROR(J)=HALFH=SVDER( J)
10? SVINC (J)=ERRDR(J)
G0 1D 13
200 WRITE(6,201)

201 FORMAT({SOHOINTEGRATION INCRFMENT TDO SMALL,RUN TFRMINATED.

CALL EXIT
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301

300

401

ENTRY RKRS
H=HUSE

HPREV=H
HALFH=,5%H

CALL DERIYV

DO 300 J=1,NINT
ERRNR (J) =HALFH=*SVDER( J)
SVINC{J)=ERROR(J)
RETURN

ENTRY RKIC
NCOUNT=0

DO 401 J=1,NINT
DSV (J)=Sv(J)
DBLT=T

GO TO 301

END
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Subroutine INPUT

Called by. — INITIL

Function. — Reads input buffer changes as specified on data cards. Prints en-
tire input buffer.

Comments. — Input data items are listed in the User's Guide section of this
report.
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$IBFTC S5 LIST

c

SUBROUTINE INPUT

COMMON/BUFF IN/OMGABO(3) ,BETADO(3),ALPHDO (3),BETAO(3),ALPHAO(3),
PHIO,THETAO,PSIO,TLDBO(3),TLDAO(3),EMBO (3),EMAD(3),EFRO(3),
EFAO0(3),HEXTO{3),ENRGBO(3),ENRGAO(3),HORIZO(2) NDISEO(4), STV10{4)
.STV20(4)'STV3O(4)9STV3PO(4)fSTVSO(#)9SQTIO(4),QTBO(4)'U(79),
EMAX,EMIN,DTMIN,DTEST,AA,BA,CA,AB,RB, CR 4AG,PG,JMBETA, JMALPH,
AGOMGO(3) ) AGOMGD(3) y AGOMGM, HNOM,K2(2) 4 TAUD(2) 4K (2) 4KSF({2) , TAUN(2)
.TAU(Z),ELIM(Z),KT(ZI,KB(Z).TAUM(Z).TF(Z),LIMIT(?),GRATIO(?)s
ESTAR(2),ASTAR(2), TAUNNG, TAU1, TAU2N, TAU2D, TAU3N, TAU3D, TAU3NP,
TAU3DP,TAUS,STKT,STG2,STG3,STAL,STKM, STKV,STTF,STKR,STG5, JINRTE,
JINRTA,ETAP,ETARy TAUHRZ ,GHRZ yDELW{3) , IXX, 1YY, 177 ,1XY,1Y2, IXZ

CDHHDN/BUFFIN/JETTQE(3),MDNOM(3),MDX(6).MDY(6).MDZ(b),PHASFX(b),

1 PHASEY(6),PHASEZ(6),FREQ(6),QMASS,PMO(3),VMO(3),AMO(3),R(3),

2 OMGAMM(3),P0OS(3),VEL(3),STBIAS(4),PSD,TCYCLE,TEVENT(15), TPRINT,

3 TRUN,LFLOWRT(3)
COMMON/BUFFIN/NOINT(79) ,NDOURL ,NRIT,NBIN(25) ,NBOUT(16) ,NFXPNT

1 o+NSLOW
COMMON/BUFF IN/PTARGT(3),A2C0,CAPM1(3),CAPM2(3),CAPM3(3),ETANOT,

1 WOAVE,WBMAX,Z0(5),KEL(5),KF2{5),KE3(5),KF4(5),KF5({5) ,KE6(5),

2 KR1{5)4KR2{5)¢KR3{5)4KR4{5)4KR5(5)KR6(5)4KSAVE ,XKREM,FILIM(3),

3 DTJET(3),MAXRTC(2),BHOLD,BSELFD,RDOTDS
COMMON/BUFF IN/MODE, NFBSEL NUPDAT ,NGAIN ,L AW, NMOUNT , ITER,MIDCOM

1 oNXTRAP
REAL NOISEQ; JMBETA, JMALPHyK2 4Ky KSF KTy KR, LIMIT,JINRTE,JINRTA, I XX,

L 1YYy 1224 IXY91YZ4IXZyJETTQE ¢MONOM ,MDXy MDY yMD7 o KE1 yKE2,KE2, KEL,KES,

2 KE6yKR1,KR2,KR3,KR4,KR5,KR6,KSAVE,MAXRTC

QXN D WN -~

NAMEL IST/DATA/NBIT,NBIN,NBOUTyNFXPNT,P TARGT 4A7CO,CAPM]1,CAPM2,
CAPHB.ETADDT,HOAVE,HBMAX,NMOUNT,NUPDATfMUDEqZO,KElyKF?yKE3yKE49
KE5,KE6,KR1yKR2yKR3,KR4, KRS yKRE 9 NFBSE L ,NGAIN,KSAVE , XKREM, ITER,
LAW,MODCOM, BHOLD,BSELFD,BDOTDS,ERRLIM,DTJET, )
TCYCLEyNSLOW,TEVENT ,NXTRAP, TRUN, TPRINT,0MGABO,BETADO, AL PHNO,
BETAO.ALPHAO,PH!O.THETAO,PSIO,TLDBO,TLDAO,EMBO,EMAO,EFRO,EFAO'
HEXTO,ENRGBO,ENRGAO,HORIZO.NOISEO,STVIO,STV?O,STV?O,STVBPO,STVSO,
SQTIO.QTBO,PDS,VEL.AA,BA,CA,AB,BB,CB.AG,BG,JMBETA,JMALPH,AGO”GO,

OO W N
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WA =0 XN

AGnMGD’AGQMGM'HNOM'IXX"YY!'ZZQIXY’IYZ'Ix’,JFTTOE,FLONRT,
KSFyKsK2,KT, KB,
TAU,TAUM,TAUN,TAUDyELIM'TF,GRATIO,LIMIT,MAXRTC,FSTAR,ASTAR,TAUHNG
'TAUloTAUZNyTAUZD,TAU3N,TAU3D,TAU3NP,TAUBDP,TAUS,STGZvSTG3.STC5,
STKT 'STKM’STKV'STKR’STAL’STTF’J‘NRTF.9 JINRTA,FSD,STRIAS,!ZTAP, ETAR,
GHRZ,TAUHRZ,DELW,”DNDM,MDX,VDY.MDZ,PHASEX,PHASEY,PHASE?,FREQ.
QMASS'PMO,VMO,AMO;R,OMGAMM.DTESTvDTMIN,U,EMAXyFMIN,NNDURLyNﬂINT

READ(5,DATA)
WRITE(6,DATA)

RETURN
FND

3-88




Subroutine OUTPUT
Called by. — MAIN.

Function. — Prepares and prints output data, computes momentum check num-
bers, and computes theoretical vehicle torques.

Comments. — The output buffer XLNE is used for temporary storage of inter-

mediate results while computing momentum check and vehicle torques. A detailed
list of output variables is contained in the User's Guide section.
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$IRFTC Sé6 LISY
SUBROUTINE OUTPUT
COMMON/RKYV/OMEGAB(3) ,BETAD(3), ALPHAD( 3) ,BETA(3),ALPHA(3),PHI,
1 THETA,PSI,TLOADB(3),TLOADA{3),EMB(3),EMA(3),EFB(3),EFA{3),HEXT(3)
2 JENRGYB{3),ENRGYA(3),HORIZ{(?2),NOISE(4),STV1(4),STV2(4),STV3(4),
3 STV3P(4),STVS5(4),SQTI(4),QTR(4)
REAL NOISE ‘
FQUIVALENCE(OMEGAX,OMEGAB(1)),{DOMEGAY,OMEGAB(2)), (DMEGA7,0MEGAR
1 (3))
COMMON/RKYDV/OMGABD(3),BETADD(3),ALPHDD(3),DRBETA(3),DRALPH(3),
1 PHID,THETAD,PSIN,TLDDOB{(3),TLDDA(3),EMRDOT(3),EMADDOT(3),FFRANOT(3),
2 EFADOT(3),HEXTD(3),ENRGBDI(3),ENRGAD(3),HORIZD(2),NOISED(4),
3 STVID{4),STV2D(4),STV3D(4),STV3PD{4),STVSD(4),SQTID(4),0TRDI(4)
COMMON/RKC/U{T79) yUMIN(T79),DTMIN,DTEST, DELTAT ,NDOUBL ,NINT, T, TRFTRN,
1 NOINT(79)
COMMON/SINCO/SINR(3),SINA{3),SINPHI,SINTHE,SINPSI,COSR(3),C0SA(3),
1 COSPHI,COSTHE,CNSPST,SINBSQ(3),SINASQ(3),COSBSQ(3),CNSASQ(3),
2 DIRCO(3,3)
COMMON/RATES/OMEGA(3,3) ,0MEGAP(3,3),0MGASQ(3),NMGAXP(3)
COMMON/CGYRO/AA,RA,CA,AB,BB,CB,AG,BG,JMBETA, JMALPH,AR AG,RE BG,
1 CB BG,AA RA,AA CA,BA CA,BB CB,DIF1,DIF2,GRAIMA,SUM]1, SUM?, SUM3,
2 SUM4,SUMS,SUM6,SUMT,SUMB, SUM9, SUM10, AGOMGO(3)  AGOMGD(3),AGOMGM,
3 HNOM
REAL JUMBETA, IJMALPH
COMMON/CRODY/ IXX g IVYY 9 I7Z 9 IXY IYZWIXZyIXX0y1YY091220,1XYD,1YZ0,
1 IXZ0,IXXD,1YYD,122D,1XYD,1YZD,IXZD,ITERM(3)
REAL IXXIYY o 1ZZoIXYsIYZ9IXZyIXXO,1YYO,1Z270,1XY0,1Y20,1IX70,1IXXDN,
1 IYYD,1ZZD,IXYDy1YZDyIXZD,ITERM,INERT(6),INERTO(6),INFRID(6)
EQUIVALENCE( IXX4INERT(1)),(IXX0, INERTO (1)), (IXXD, INERTD(1))
COMMON/CSERVO/BINPUT(3),AINPUT(3),K2BETA,K2ALPH, TAUDRE,TAUDAL,
1 KBETA,KALPH,KSFRE,KSFAL ,TAUNBE, TAUNAL ,TAURE,TAUAL,ELIMBF,FL IMAL,
2 KTBE,KTAL,KBBETA,KBALPH, TAUMRE, TAUMAL , TFBETA, TFALPH,BLIMIT,ALIMIT
3 oGRBETA,GRALPH
REAL K2BETA,K2ALPH,KBETA,KALPH,KSFBE,KSFAL KTBE,KTAL,KBRETA,KRALPH
COMMON/TORQUE/MJETI3),MTOT(3),MB(3),MA (3),MAGUET(3),FUEL(3),
1 FLOWRT{3),FUELT
REAL MJET  MTOT,MR,MA,MAGJET
COMMON/PVDATA/POS(3),VEL(3),P0SO(3),VELO(3),ECCENT,FNOW,MFANA,
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1 MEANAO,FVECT(3),CETAO,SETAQ,PVCON(4),PTARGT{3)
REAL MEANA,MEANAO
COMMON/CONSTS/RTODEG yDEGTORyRE 4 MUy PTE, WO (10) , VED, FTXWO(10) 5 WFARTH
COMMON/TOCONT/ZRFAL(15) ,NUMBER(15) yNORDER(15),TFVENT(15), TMATCH,
1 NEVENT,EVENTT(15),TCYCLE,NCOST1,NMAN1 ,NPRINT,NPRCTL, TEND, LNECNT
COMMON/FLOTIN/ZUATE(15),EULRDC{3),EULRC(3) ,TMAN,AGOMGA( 3), MODE,
1 FBSEL,UPDATE NGAIN,LAW,MODCOM,LIMIG(3),LIMNNG(3)
INTEGER FBSEL,UPDATE
COMMON/FLOOUT/BETADC(3) yALPHDC(3),TELAZC,FULER(3) ,FPSLON{3),
1 OMGABC(3),JET(3)
COMMON/SENSOR/ESTAR(2) yASTAR(2), TAUWNG , TAUL, TAU2N,TA12D,TAU3N,
1 TAU3D, TAU3NP, TAU3DP, TAUS, STKT,STG2,STG3,STAL,STKM,STKV,STTF, STKR,
2 JINRT(4),ETA(2),TAUHR? yGHORIZ,DFLW(3),STRIAS{4),STSIA,
3 SXI(2)9SYI(2)4S71(2)ySX12),SY(2)4SZ(2),FLRORE(2),AZRORE(2),0ST(4)
4 yWNG(4),HRZACT(2)
COMMON/DIST/MDIST(3),MDNOM(3),SPHASE(3,6),CPHASE(3,6),SFREQ(6),
1 CFREQ(6)4MDAMP(3,6) ,FREQ(6),TQFMM [ 3)
REAL MDIST,MDNOM,MDAMP
COMMON/FLOTSC/FLNMT,FLNM6, FLNMS,FLNMG, FLNM3,FLNM2 , FL NM] ,FL NPD,
CFLNP1,FLNP2,FLNP3,FLNP4,FLNPS, FLNP&,FLNP7,FLNPR,FLNPO,
C FLNM11,FLNM10,FLNMB,FLNP12,F2NM25,F2NMI G, F2NMI0,FL2NMD,F 2NMT,
C FL2NPO,FL2NP1
COMMON/FIXIN/W(3T)
COMMON/QUANT/NBIN(25) NBOUT(16) ,NFXPNT
COMMON/MODS567/NFLE(3) 4 ECOM{3),EDCOM(3) ,TENDM,ECOMDP(3),NELTAE(3),
CMAXZMAXRT TP NHHH
COMMON/CONTLL/EPPREV(3),GAIN(645),GAINP(6,5),EPP(3) ,HNOMP , KLCL{6),
c MAGA(3),MAGB(3),MCA(3),MCB(3),TRQC(3),TRQCP{3),UNITVA(3,3),
CUNITVB(3,3),20(5)
REAL KLCL,MAGA,MAGB,MCA,MCB
COMMON/CONTL3/CGYRO(3),COSTA(3),CNSTR( 3) ,RTEST,RUSF,TNFSSO,
CTDOTA{3),TDOTB{3),TREMSQ,XKENN, ITER,NOITER
COMMON/NAV/F(10),FDOT, FDUM{10),FTOT,6({10),6D0T,GDUM{10),53TOT,P(3),
CPO(3),PDOT(3),PDOTO(3)
DIMENSION XLNEL(6), XLNE2(9) s XLNE3(9), XLNE4(9) 4 XLNFS(9),XLNF6(9),
1 XLNET(9),XLNEB(9)4sXLNEI(9) ,XLNF10({8) 4 XLNF11(5),XLNE[A1)
EQUIVALENCE(XLNEY (1) 4 XLNF{1) )y (XLNE2(1 ), XLNE(T)) 4 {XLNF3(1),
1 XLNE(16) )y (XLNE&(1)4XLNE(25)), (XLNES{ 1),XLNE(34)), (XLNF&(1),
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2 XLNE(43)),(XLNE?(I).XLNE(52)),{XLNEB(I).XLNF(bl)).(XLNEQ(I),
3 XLNE(7O))1(XLNE10(1).XLNE(79)),(XLNEIl(l),XlNE(B?))
DIMENSION NNH(B,,NEDCOM(B),NFCOK(B),NTRQC(3),NTRQCP(3)yMKLCL(6)v
1 NNP(3),NPDOT(3)
EQUIVALENCE (NNN(I),H(I)),(NEDCO"(I)'FDCOM(I)).(NECOM(I),FCOM(I))v
1 (NTRQC(ll,TRQC(I)),(NTRQCP(I),TRQCP(l)),(NKLCL(I),KLCL(!))v
2 (NNP(1),P(1)),(NPDDOT(1),PDOTI(1))
IF(NPRCTL.GE.NPRINTIGO TO 1
NPRCTL=NPRCTL+1
RETURN
1 NPRCTL=1
FUELT=0.
LNECNT=LNECNT+12
IF(LNECNT.LE.60)GO TO 2
LNECNT=12
WRITE(6,1000)
1000 FORMAT(1H1)
2 DO 3 J=1,3
IF(NFXPNT.EQ.0)GD TO 8
XLNF4 (J+6)=FLOATINNW(J))/FLNPS5
XLNFS5 (J)=FLOAT (NFDCOM(.J) ) /FLNPS
XLNES (J+3)=FLOAT(NECOM{J))/FLNM2
XLNELIO(J)=FLOAT(NNP{J))/F2NM25
XLNE1O(J+3)=FLOATINPDOT{J) ) /F2ZNMI5
IF(LAW.FQ.1)60 1O 4
XLNE7(J)=FLOAT(NTRQC(J))/FLNMB
XLNE7{J+3)=FLOAT(NTRQCP(J))/FLNMB

GO 70 9

4 XLNET7 (J)=HNOM=FLOAT (NKLCL(J)=NKLCL (J+3))/FLNP?2
G0 7O 5

8 XLNF4 (J+6)=W(J)

XLNES (J)=ENCOM(J)
XLNES (J+3)=ECOM ()
XLNE10(J)=P(J)
XLNELO(J+3)=PDOT(J)
IF{LAW.EQ.11GO TO 6
XLNE7(J)=TRQC(J)
XLNE7(J+3)=TRQCP(])
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on o

11

12

13

20

GO 10 9

XUNET7{J)=HNOM=(KLCL(J)-KLCL{J+3))

XLNET (J+3)=XLNET(J)

XUNEB(J)=MJET(J)

XLNES6 (J)=DRALPH{J+3)

XLNE6{J+3)=ALPHA(J+3)

XLNE6{J+6)=EULER{J)

XLNES (J+6)=EPSLON(J)

XLNE9 (J+6)=0MGABD{J)«RTODEG

XLNE3 (J+6)=0.

XLNE2(J)=0.

FUELT=FUELT+FUELI(J)

XLNE2(J+6)=0MGABC{J)-OMEGABLJ)

XLNEB(J+3)=MDIST(J)+TQEMM(J)

IFINFXPNT . NE.DIXLNES(5)=XLNES(5})/2.

K=0

DO 10 J=1,3

INDEX=K+J+6

IF(J-2)11,12,13

Jy=2

Jz=3

GO 10O 20

Jy=3

Jz=1

60 10O 20

Jy=1

J7=2
XLNET{INDEX)=AGOMGA({J) = ( (ALPHDC(J)+XLNE3{JY+6))=SINA{J)=COSR(I )+
1 (BETADC{J)=COSA(J)I+XLNE3(JZ+6))=SINB(J) )+AGOMGA{JY)»((ALPHNC(JIY)+
2 XLNE3(JZ+6))#COSA(JY)#COSB(JIY)—(BETADC(JIY)=SINA(JY)+XLNFI(JY+6) )&
3 SINB(JY))-AGOMGA(JZ)=COSB(JZ)#(BETADC (JZ7)+XLNFE3(JY+6)#COSA(I7)+
4 XLNE3(JZ+6)=SINA(IZ))

IF(K.NE.O)GO 70O 10

XLNE3(J)=INERT (J) #OMEGAB(J)—INERT(J+3) #sOMEGAB(JY)—-INERT(J7+3) =

1 OMEGAB(J2Z)

XLNE4 (1)=SUMS#OMEGAP(JZ,J)+SUM3+BETAD( J)

XLNE4(2)= AB AG#OMEGA(J,J)+AGOMGA(J)

XLNE4(3)=BB BG*OMEGA(JY,J)
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10

15

16

[
£~

17

18

19

XLNE9 (1)=AA#OMEGAP(Jy J)+XLNF4(2)#COSB( J)-XLNE4({3)#STNR(J)
XLNE2 (J43)=XLNF4 (1) «SINA{J)+XLNEQ(1)*COSA(J)
XLNE3 (J+3)=XULNE4{2)#SINBIJ)+XLNE4 (3)=#COSR(J) +BA#OMEGAP (Y, J)
1 +JMALPH=*(DMFGAB(JY)+GRALPH=*ALPHAD(J))

XLNF4 (J+3)=XLNF4(1)*COSA{J)-XLNEG(1)=SINA(J)
CONTINUE

IF(K.NE.OIGD TO 14

X=9

XULNEQ {4)=XLNE2(4)+XLNE3{6)+XLNE4(5) +XLNE3 (1)
XLNE9 (5)=XLNF2(S)+XLNE3(4)+XLNE4(6) +XLNE3(2)
XLNE9(6)=XLNF2(6)+XLNE3(S)+XLNE4 (4 )+XLNF3(3)
DO 15 J=1,3

XLNEL (J+1)=—HEXT(J)

XLNE3(J+6)=0OMEGAR(J)

XLNE2 (1)=XLNF2(1)+XLNET(J+3) #22

XLNE2 (2)=XLNE2({2)+XLNET(J+3 )« XLNFT7(J+6)
XLNEL(S)=XLNE2{2)/XLNE2(1)

DO 16 J=1,3

XUNEZ {3)=XLNE2({3)+{XLNFT(J+6)-XILNEL(S) #XLNET(J+3) ) =x?
DD 16 KK=1,3

XLNEL (J+1)=XLNF1{J+1)+DIRCO(J4KK) #XLNEQ(KK+3)
XLNEL (6)=SQRT{XLNE2(3)/XLNE2{1))

GO 10 7

XLNEL1{11=0,.

DO 17 J=1,6

XLNFL (1)=XLNE1(1)+ENRGYB(J)

XLNE2 (J)=BETADC(J)

XLNE3 (J)=BETAD(J)

XLNE4 {J)=BETA(J)

XLNE9 (J)=P0OS(J)

XLNE1O(J)I=XLNF10(J)-XLNE9(J)

DD 18 J=1,45

XLNE({ J+6)=XLNE(J+6)*RTODEG

N0 19 J=1,2

XLNF10(J+6)=HRZACT(J)#RTODEG
XLNE11(3)=0ST(J)=RTODEG
XULNE11{J+2)=(AZBORE(J)-QTB({J+2))=*RTODEG
XLNE11(5)=TELAZC#RTODEG

3-94




51

52
53
54
55
56
57
58
59
60

61

XLNE1(1)=1.356#XLNE1(1)
WRITE(6451)TFUELT,XLNE1,NOITER
WRITE(6,52) XLNE2
WRITE(6y53)XLNE3
WRITE(6454) XLNE4
WRITE(6455)XLNES
WRITE(6,56)XLNES
WRITE(645T)XLNE?
WRITE(6,58)XLNESB
WRITE (69 59) XLNE9
WRITE{6,60)XLNE10O
WRITE(6,61)XLNEL]
FORMAT{3HOT=FB.2y3H,W=E11.4y3H,F=F11.%4 ,7TH,HTFST=F14.7,2F15.7,

FORMAT(SH BDC
FORMAT (SH BD
FORMAT(SH B
FORMAT(SH ATDC
FORMAT(SH ATD
FORMAT(S5H TC

FORMAT(5H TJET
FORMAT(SH P
FORMAT({5H OBPE

1 E12.5)

1 7THyTGAIN=2F8.5,6H, ITER=12)

3E13.54,5H ,ADC
3FE13.545H LAD
3£13.5,5H A
3EL13.595H ,ATC
3E13.5,5H LAT
3E13.5,5H ,TCP
3E13.5,5H ,TEX
3E13.54+5H v
3F13.5,5H,08BVE

3E13.5,5H, WERR
3E13.5,5H ' W
3E13.5,5H ,W0OB
3€13.5,5H,EPOR
3E13.5,5H,ATN8
3E13.5y5H,TGIM
3E13.545H, TCTL
3E13.5,5H WD
3E13.5,11H,HR2Z

3F13.5)
3E13.5)
3E13.5)
3E13.5)
3E13.5)
3E13.5)
3F13.5)
3E13.5)
ERRyP=F12.5,3H,R=

FORMAT(24H STAR TRACKER ERRyDELE1=F12.5,7HDFLE2=E12.5, TH, DELA1=

1 E12.5,7HyDELA2=F12.5,14H

RETURN
END

< TrCY

A BN S N
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Subroutine MANUAL

Called by. — MAIN, INITIL.

Calls. — Optionally; FANDG, UPDATS.

Function. — This subroutine generates all external communication with the con-
trol computer. This routine is written to supply maneuver and manual mode
commands.

Comments. — It is intended that this routine will be reprogrammed to suit the

needs of the users. The commentary in the listing describes the capabilities of this
routine,
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$IBFTC S7 LIST

c
c

Cennn

L2 2 24

slelsEaNelesRaNeNeloNeloNaolaNoleNaNeNoNeNeleNaloRaYaNe N NeleNe Xa Ke)

SUBROUTINE MANUAL

THIS SUBROUTINE SIMULATES ASTRONAUT ACTIONS. IT CAN RE PROGRAMMEN
TO SET THE INTEGERS LISTED.

SYMBOL (RANGF) (MEANING) COMMENTS

1. MODE (1-7) (EXP1-EXP4,HOLD,MANEUVER, MANUAL) EXP2 AND FXP3
CANNDT BE PERFORMED IN THE SAME RUN BECAUSF NF STAR
TRACKER MOUNTING DIFFERFNCES.

2. MDLAST (0-7) (MODE DURING LAST PASS OF CONTROL COMPUTER)
CHANGING MODE AUTOMATICALLY STMULATFS AN INSFRT COMMAND.
TO SIMULATE AN INSERT COMMAND WITHOUT CHANGING MDDE ,SET
MDLASY YO O .

3. NGAIN (1-5) (SELECTS ONE NF THE FIVE SFTS OF CONTRDL (| AW
GAINS)

4. UPDATE (0-2) (IF SET TO 1, WHILE IN EXP3 MODF, ONBOARD
ATTITUDE INTEGRATION IS UPDATFD FROM STAR TRACKFRS. IF
SET TO 2, IN ANY MDODE, UPDATE FROM ATTITUDE COMPUTATIONS.
IN BOTH CASES THE CONTROL COMPUTER RESFTS UPNDATF T IFRN)

5. MODCOM (0-1) (IFf SET TO 1, CONTROL LAWS ? AND 3 USF TORMF
COMMAND PRIME, WHICH CONSIDERS BODY RATE COUPLING)

6. FBSEL (1-2) (IF SET TD 1, CONTROL LAWS USF SENSFED RATE
FEEDBACK, IF SET TO 2, THEY USE DERIVEDN RATE FFFDNBACK)
IF FBSEL IS CHANGED IT WILL PROBABLY BE NFCFSSARY TO
CHANGE NGAIN.,

T« LAW {1-3) (SELECTS CONTROL LAW 1,2, OR 3,

THIS SUBROUTINE CAN ALSO BF PRNOGRAMMED TO SUPPLY THF FDLLOWING
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VARTABLES.

1. EULRDC(3) RAD./SEC. + (PHIDDTC,THFTADOTC,PSIDOTC) THESE ARE
THE STICK COMMANDS DURING MANUAL MODE (7).
MAXIMUM VALUE = 2##(-5)

2. EULRC({3) RAD. , (PHIC,THFTAC,PSIC) ATTITUDFE COMMANDS DURING
MANEUVER MODE (6). MAXIMUM VALUE = PI,P1/2,PI

3, TMAN SFC. o (TIME TO COMPLFTE MANEUVER,MODE 6)
MAXIMUM VALUE = 2=#8

NOOOOOOOOONOOODO

~#se»  THIS SUBROUTINFE CAN CALL THF FOLLOWING DOTHFER SUBROUTINES.
1. SUBROUTINE FANDG , SIMULATES TRNSMISSION OF NEW
COFFFICTIENTS FOR THE F AND 6 SFERIES (NAVIGATION).

2. SUBROUTINE UPDAT3, SIMULATFS TRANSMISSION NF UPNDATEN PHASFE
ANGLE FNR EXPFRIMFNT 3 OMEGAXC AND OMEGAYC. (SINUSDIDAL
TO MAINTAIN THE Z AXIS ALONG THE LNTAL VERTICAL).

OO0

COMMONZRKYY/OMEGAB{3) ,RETAD{3),ALPHADI 3),BETA(3),ALPHA(3),PHT,

1 THETA,PSI,TLOADR{3),TLOADA(3),EMB(3), EMA(3),FFR(3),FFA(3),HEXT(3)

2 JENRGYB(3),FENRGYA{3) ,HORIZ(2),NDISE(4),STV1(4),STV2(4),STV3(4),

3 STV3P(4),STVS5(4),SQTI{(4),QTR(4)

REAL NOISE
FQUIVALENCE(DMEGAX, NMEGAR(1)), (DMEGAY, OMEGAR (2)), (DMFGAZ,OMEGAR

1 (3))

COMMON/RKYDV/OMGABD(3) ,BETADD(3),ALPHDD(3),NRRETA(3),DRALPH(3]),

1 PHID,THETAD,PSID,TLDDR(3),TLDDA(3),FMBNOT(3),EMADNT(3),EFRDOTI3),

2 EFADDT{3),HEXTD{3),FNRGBN(3),FNRGAD(3),HORIZID(2),NOTSEN(4),

3 STVID(4),STV2D(4),STV3D(4),STV3PD(4),STVS5N{4),SQTIN(4),0TRN(4)
REAL NOISED
EQUIVALENCE(OMGAXD,OMGARD{ 1)), (OMGAYD, OMGABD(2) ), (NMGA7D, OMGABD

1 (3))
COMMON/RKC/U(T9),UMIN(T79) ,DTMIN,DTEST, NELTAT ,NDOUBL ,NINT, T, TRETRN,
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1 NOINT(79)
COMMON/SINCO/SINB(3),SINA(3),SINPHI,SINTHF,SINPST,COSR(3),C0SA(3),
1 COSPHI,COSTHE,COSPST,SINBSQ(3),SINASQ(3),CNSRSO(3),C0SASO{3),
2 DIRCO(3,3)
COMMON/TORQUE/MJIFT(3),MTOT(3),MB(3),MA(3),MAGIFT(3),FUEL(3),
1 FLOWRT(3),FUELT
REAL MJET,MTOT,MR,MA,MAGJET
COMMON/PVDATA/PDS(3),VFL(3),P0OSO(3),VELO(3),FCCENT,ENDOW,MEANA,
1 MEANAO,FVECT{3),CETAO,SFTAO,PVCON(4), PTARGT (3)
REAL MEANA, MEANAO
COMMON/CONSTS/RTODEG)DEGTOR REyMUZPTE, WO (10) yVFO,L,FIXWO(10) ,WFAPTH
REAL My
COMMON/IOCONT/ZREAL(15) yNUMBER(15),NORDER(15),TFVENT(15), TMATCH,
1 NEVENT,EVENTT{15), TCYCLE,NCOST1,NMAN]1 ,NPRINT,NPRCTL, TEND, LNFCNT
COMMON/FLOTIN/ZLATE(15) ,EULRDC(3),EULRC(3),TMAN,AGOMGA(3), MODE,
1 FBSEL,UPDATEJNGAIN,LAW,MODCOM,LIMIG(3),LIMOG(3)
INTEGER FBSEL,UPDATE
COMMON/FLOOUT/BETANC{3) JALPHDC(3),TELAZC ,EULER(3),FEPSLON(3),
1 OMGABC(3),JFT(3)
COMMON/SENSOR/ESTAR(2),ASTAR(2), TAUWNG ,TAU1,TAU2N, TAU2D,TAU3N,
1 TAU3D,TAU3BNP,TAU3IDP, TAUS5,STKT,STG2,STG3,STAL ,STKM,STKV,STTF,STKR,
2 JINRT{4),ETA(2), TAUHRZ,GHORIZ,NELW(3) ,STRIAS(4),STSIG,
3 SXI(2)ySYI(2)9S71(2)4SX12),SY(2)4S7(2),FLRORF(2),AZBORF(2),0ST(4)
4 JWNG{4),HRZACT(?)
REAL JINRT

COMMON/MISCEL/FS,DBLFS,NBIT  ,NH; MDLAST,HALFFS

c
c
DIMENSION PHIC(4),THETAC(4),PSIC(4),TSTART(4),TMANUV(4)
DATA PHICyTHETAC,PSIC,TSTART,TMANUYV /0o 9NerelyDe90ayelyal 0.y
1 ol0o17-1,0.1‘1.,6.y12.718.'4’0./
NAMEL IST/COMAND/PHIC, THETAC,PSIC, TSTAR T, TMANUY
C

PO 999 J=1,3

999 TF(JET(J).NE.O)FUEL({J)=FUEL(J)+FLOWRT(J)
IF(NMAN1.EQ.0)GO TO 1000
MDLAST=0
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Ce#»»s THIS SECTION (THRU STATEMENT 1000) IS FXECUTED ON FIRST PASS
o THRY THIS ROUTINE (EACH RUN). USE THIS SECTION TO READ IN ANY

C NEEDED DATA.
c
c
READ(5,COMAND)
WRITE (64 COMAND)
NINSRT=1
c
c
Cenes END OF SINGLE PASS SECTION
C
c
Ceess THF NEXT SECTION SIMULATES OPERATOR ACT TONS
C
c

1000 TIF{MODE.LT.6)GO TO 1003
IF{NINSRT.GEL.5)GO TO 1003
IFIT.LT.TSTARTININSRT)IGD TN 1003
IF(MODE.EQ.7)G0 TO 1001

EULRC(1) = PHIC(NINSRT)*DEGTOR
EULRC (2) =THETAC(NINSRT)=#DEGTOR
EULRC(3) = PSICININSRT)=DEGTOR
TMAN=TMANUV(NINSRT)
MDLAST=0
GO TO 1002

1001 EULRDC{1) = PHICININSRT)®*DEGTOR
FULRDC(2) =THETAC(NINSRT)=*DEGTOR
EULRDC(3) = PSIC(NINSRT)*DEGTOR

1002 NINSRT=NINSRT+1
1003 NMAN1=0

RETURN

END
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Subroutine SUMARY

Called by. — MAIN.

Function. — Prints power, energy, and fuel consumed at the end of each run.
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$IRFTC S8 LIST
SUBROUTINE SUMARY
COMMON/RKYV/OMEGAB(3) 4BETAN(3),ALPHADI( 3), BETA(%) ALPHA(3), PHI,
1 THETA,PSI,TLOADBR{3),TLOADA{3), EMB(3),EMA(3).EFB(3) EFA(3) yHEXT(3)
2 +ENRGYB({3),FNRGYA(3) HORIZ(2),NNISE(&4),STV1(4),STV2(4),STV3(4),
3 STV3P(4),STVS(4),5QTI(4),QTB(4)
COMMON/RKC/U(T9)yUMIN(79) yDTMIN,DTEST, DFLTAT ,NDOUBL ,NINT, T, TRETRN,
1 NOINT(79)
COMMON/TORQUE/MJET(3),MTOT{3),MB(3),MA(3),MAGIETI(3),FUFL(3),
1 FLOWRY(3),FUELT
REAL MJET,MTOT,MB,MA,MAGJET
COMMON/POWER/PMAXB(3) PMAXA(3),DTLIST{300),KDT
COMMON/CONSTS/RTODEGDEGTORSREJMULPIE, WO(10) yVEO,FIXWO(1D) s WFARTH
WRITE(6,1)
ENRGYT=0,
FUELT=FUEL(1)+FUEL{2)+FUEL(3)
DUM=1.356/T
DO 10 J=1,6
PMAXB (J)=1.356%#PMAXB(J)
ENRGYB(J)=DUM#ENRGYB(J)
10 ENRGYT=ENRGYT+ENRGYB(J)
WRITE(6,2)PMAXB,PMAXA
WRITF{6,3)ENRGYR,ENRGYA,FNRGYT
DO 11 J=1,6
11 ENRGYB(J)=1.333333+ENRGYB(J)
ENRGYT=1.333333+FENRGYT+90,
WRITE{(6,44)ENRGYB,ENRGYA,ENRGYT
WRITE(6,5)FUEL, FUELT
NIPSEC=FLOAT(KDT) /7T +.5
WRITE(6,6)KDT,NIPSEC,DTLIST
FORMAT(1H1,30X,6HBETA 1,9X,6HBETA 2,9X,6HRETA 3,8X, 7HALPHA 1:8X,
1 7HALPHA 2,8X, THALPHA 3,9X,S5HTOTAL )
FORMAT (25HOMAX OQUTPUT POWER (WATTS) 6F15.7 )
FORMAT(25H AVE OUTPUT POWER (WATTS) TE15.7 )
FORMAT(25H THEOR. AVE POWER (WATTS) T7F15.7 )
FORMAT(25HOJET FUEL (LBS) X,Y42Z,T70T 3F15.7445X,F15.7)
FORMAT(1HO,18,24H INTEGRATION STEPS, AVE 14,?5H/SEC. THE FIRST 30
10 WERE, /(6E20.7))

p—

PR NN
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RETURN
END
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Subroutine DERIV

Called by. — RKIL

Calls. — TRIG, RATE, POSVEL, EXPER, DISTRB, FINDMG, FINDA, FINDB,
EVDER.

Function. — Serves as a sequencer for computing derivatives.
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SUBROUTINE DERI1V

CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL
CALL

LIST

TR16
RATE
POSVEL
EXPER
DISTRB
FINDMG
FINDA
FINDB
EVDER

RETURN

END
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Subroutine TRIG

Called by. — DERIV.

Function. — Evaluates sines and cosines of Euler angles and CMG gimbal angles.
Evaluates direction cosine matrix.
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SUBROUTINE TRIG
COMMON/RKYV/OMEGAB(3) ,BETAD(3),ALPHAN( 3),BETA(3),ALPHA(3),PHI,
1 THETA,PSI,TLOADR(3),TLOADA(3),FMB{3),EMA(3),,EFR(3),FFA(3),HFXT(3)
? »ENRGYR(3),ENRGYA(3)HORIZ(?)NNISE(4),STV11{4),STV?2(4),5TV3(4),
3 STV3P(4),STV5(4),S5QT1{4),QTB(4)
. REAL NOISE
EQUIVALENCE(OMEGAX,OMEGAB(1) ), (OMEGAY, OMEGAR(2) ), (OMEGAZ,NVEGAR
1 {3))
COMMON/SINCO/SINB(3),SINA(3),SINPHI,SINTHE,SINPSI,COSR(3),C0SA(3),
1 COSPHI,COSTHF,CDSPST,SINBSQ(3),SINASO(3),C0NSBSO(3), NSASO(3),
2 DIRCD(3,3)
No 1 J'—'l,q
SINB(J)=SIN(RETA(J))
1 C0SB(J)=COS(BETA{J))
DD 2 J=1,6
SINASQ(J)I=SINB(J)=e?
2 COSBSQ(J)=COSB{J) #+2
. DIRCO (1,1)=COSPSI#COSTHE
DUM=COSPSI=*SINTHF
DIRCO (1,2)=NDUM«SINPHI-SINPSI#COSPHI
DIRCO (1,53)=DUM«COSPHI+SINPSI=*SINPHI
- DIRCD (2,1)=SINPSI=COSTHF
DUM=S INPSI#SINTHE
DIRCO (2,2)=DUMeSINPHI+COSPSI#COSPHI
DIRCD (2,3)=DUMaCOSPHI-COSPSI*#SINPHI
NDIRCO (3,1)=-SINTHE
DIRCO (3,2)=COSTHE*SINPHI
DIRCO (3,3)=COSTHE=*COSPHI
RETURN
END
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Subroutine RATE

Called by. — DERIV.

Function. — Evaluates equations (A - 7) to (A - 24).
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SUBROUTINE RATE
COMMON/RKYV/OMEGAB(3),BETAD(3),ALPHAD(3),BETA(3),ALPHA(3), PHI,

1 THETA,PSI,TLOADR(3),TLOADA(3),EMB(3), FMA(3),EFB(3),EFA(3) ,HEXT(3)

2 +ENRGYB(3),ENRGYA(3),HORIZ(2),NOISE(4),STV1{4),STV2(4),STV3(4),

3 STV3P(4),STV5(4),S0T1(4),QTB(4)

REAL NOISE
EQUIVALENCE(OMEGAX,0OMEGAR( 1)), (OMEGAY, OMFGAR(2)), (OMEGAZ,NMEGAR

1 (3))
COMMON/SINCO/SINB(3),SINA(3),SINPHI,SINTHE,SINPST,COSBR(3),C0OSA(3),
1 COSPHI,COSTHE,CNSPSI,SINBSQ(3),SINASQ(3),COSRSO(3),CNSASN(3),

2 DIRCO(3,3)
COMMON/RATES/OMEGA{3,3),0MEGAP(3,3),0MGASQ(3),0MGAXP(3)
OMEGAP(141)=0OMEGAX*COSA(1)-OMEGAZ=SINA (1)
DMEGAP{2,1)=0MEGAY+ALPHAD(1)
OMEGAP(3,1)=0OMEGAX#SINA(1)+0OMEGAZ#C0OSA(1)

OMEGAP(1,2)=0MEGAX#COSA(2)+DMEGAY*SINA(2)
OMEGAP(2,2)=—0OMEGAX#SINA(2)+0OMEGAY=COSA(?)
OMEGAP(3,2)=0MEGAZ+ALPHAD(2)

OMEGAP(1,3)=0OMEGAX+ALPHAD(3)
OMEGAP{2,3)=DMFGAY#COSA(3) +OMEGAZ#SINA (3)
OMEGAP{3,3)=—0OMEGAY«#SINA(3)+0OMEGAZ*CNSA(3)

OMEGA (1, 1)=0MEGAP({ 1, 1) #COSB{1)+0IMEGAP{ 2, 1 }*#SINBI
OMEGA(2,1)=—0MEGAP(1,1)=*SINB(1)+NMEGAP (2,1)#(C0S"
OMEGA(3,1)=0MEGAP{3,1)+4BETAD(])

1
(

)
1)

OMEGA(1,2)=0DMEGAP(1,2)+BETAD(2)
OMEGA({2,2)=DMEGAP(2,2)=COSB(?2)+0OMEGAP(3,2)#SINR(2)
OMEGA ({3, 2)=—0MEGAP(2,2)«#SINR(?)+0MEGAP (3,2 )#C0OSR(2)

OMEGA(1,3)=0OMEGAP{1,3)»COSB(3)-0OMEGAP( 3, 3)=SINR(3)
OMEGA(2,3)=0MEGAP(2,3)+BETAD(3)
OMEGA(3,3)=0OMEGAP(1,3)*SINB(3)+OMEGAP(3,3)#C0OSB(3)
RETURN

END
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Subroutine POSVEL
Called by. =DERIV.
Function. —=Performs Kepler orbit position and velocity determination.

Comments. —The algorithm used is presented below. The following symbols are
defined for this section only.

H =gyl V]
A Y.
07 v ]

A 2
A €-a) yl-e
A

0 e2+(j_-S

0)

M = EO-e sin EO
H2

u(l-ez)

The procedure:

VL

1) Solve M+ a3/2

t=E -esinE

for E
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2)

Compute

b

>

w>

It

_cosE -e

e —ezcosE

\ll—ez sin E

e~ e2 cos E
A (-8 ) +e(t-A) ]
+8, le(-8) -b(z-R)]
A Ce(i-8) -b(t-A)]
+8, Do(g-8)) +o(z-A)]

t) = THZ )
Q()“ “(1+ ._f)p

b= B E+1)
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SUBROUTINE POSVEL

COMMON/RKC/U(T9),UMIN(T9) ,DTMIN,CTEST, DELTAT ,NDOUBL4NINT, T, TRETRN,

1 NOINT(79)

COMMON/PVDATA/POS(3),VEL(3),P0OSO(3),VELO(3),ECCENT,ENOW,MF ANA,

1 MEANAO,FVECT(3)+CETAO,SETAO,PVCON(4), PTARGT(3)

REAL MEANA,MEANAOD

MEANA=MEANAO+PVCON(3)#T
1 FPREV=ENOW

ENOW=MEANA+ECCENT#SIN(EPREV)

TF{ABS(ENOW-FPREV).GT. {1. E-T#ABS(ENOW) +1.E-10))G0 TO 1
5 CENOW=COS (ENOW)

DUM=1.-ECCENT#CENOW

COSETA={CENOW-ECCENT) /DUM

SINETA=SIN(ENOW)*PVCON{4) /DUM

DUM=COSETA#CFTAO+SINETA=SETAO

DUMI=SINETA*CETAO-COSETA=SETAO

DUM2=1.

Do 2 J4=1,3

POS(J)=POSO(J)«DUM+VELO(J)=2DUM]1

DUM3=—POSO(J)*DUMLI+VELO(J)=DUM

VEL(J)=PVCON(2)#{DUM3+FVECT(J))
2 DUM2=DUM2+DUM3#FVECT(J)

DUM2=PVCON{1)}/DUM2

DO 3 J=1,3
3 POS(J)=P0S{J)*DUM2

RETURN

END
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Subroutine EXPER

Called by. — DERIV, RKII.

Function. — This routine solves for the derivatives of the variables related to
star tracker and horizon sensor dynamics.

Comments. — The applicable equations are listed in Appendix D.
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SUBROUTINE EXPER
COMMON/RKYV/OMEGAB(3),BETAD(3),ALPHAD(3),BETA(3),ALPHA(3), PHI,

1 THETA,PSI,TLOADB{(3),TLOADA(3),EMB(3), EMA(3),EFB(3),EFA(3),HEXT(3)

2 9sENRGYB(3),ENRGYA(3),HORIZ(2)4NDISE(4),STV1(4),STV2(4),STV3(4),

3 STV3P(4),STV5(4),SQTI(4),QTB(4)

REAL NOISE
EQUIVALENCE{OMEGAX,OMEGAB{1)), (OMEGAY, OMEGAB(2)), (DMEGAZ,OMEGAR

1 (3))

COMMON/RKYDV/OMGABD{(3) ,BETADD(3),ALPHDD(3),DRBETA(3),DRALPH(3),

1 PHID,THETAD,PSID,TLDDB{3),TLDDA(3),EMBNNT(3),EMADOT(3),FFRDOT(3),

2 EFADOT(3),HEXTD{3),ENRGBD(3),ENRGAD(3 ),HORIZD(2) 4,NOISED(4),

3 STVIDI{4),STV2D(4),STV3D(4),STV3PD{4), STVS5N(4),S0TIN(4),0TRD(4)
REAL NOISED
FQUIVALENCE(OMGAXD,OMGARD( 1)), (DMGAYD, OMGARD(2)) » (OMGATD, OMGARD

1 (3))
COMMON/RKC/U(TI9),UMIN(T79) ,DTMIN,NTEST, DFLTAT ,NDOUR!L ,NINT, T, TRETRN,

1 NOINT(79)
COMMON/SINCO/SINB{3),SINA{3),SINPHT,SINTHE,SINPSI,CDSR{3),CNSA(3),

1 COSPHI,COSTHE,CNSPSI,SINBSQ(3),SINASQ(3),CO0SBSO(3),CNSASA(3),

2 DIRCO(3,3)
COMMON/PVDATA/PDS(3),VEL(3),P0OS0{3),VELO(3),ECCENT, FNOW,ME ANA,

1 MEANAO,FVECT(3),CETAQ,SETAO,PVCON(4),PTARGT (3)

REAL MEANA,MEANAC
COMMON/FLOTIN/ZLATE(1S),EULRDC{3),EULRCI(3),TMAN,AGOMGA(3), MODE,

1 FBSFL,UPDATE,NGAIN,LAW,MODCOM, LIMIG(3),LIMOG{3)

INTEGER FBSEL,UPDATE
COMMON/SENSOR/ESTAR(2),ASTAR(2),TAUWNG ,TAUL, TAUZN,TAY2D,TAU3N,

1 TAU?D,TAU3NP,TAU3DP,TAUS,STKT,STGZ'STGB7STAL.STKM,STKV,§TTF.STKR,

2 JINRT(4),ETA(2),TAUHRZ,GHNRI1Z,DELW(3) ,STBTAS(4),STSIG

3 SXI(2),SYI(2),SZI(2),SX{2),SY(2),S2(2), FLBORF(?).A7RﬂRF(?),OSTl4)

4 4WNG(4),HRZACT(2)

REAL JINRT

REAL LAMDA

NINT=T79

GO TO (142+34151,1,1),MODE
1 NDUM=1

NINT=45
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W

GO T0 4

NDUM=4

NSTAR=3

QTBD(1)=SQTI(1)-OMEGAY*COS(QTB(3) )~ OMEGAZ*SIN(OTB(%))
OTBD(3)=SOTI(3)-DOMEGAX

no 5 J=1,2

SX{J)=DIRCO {1,1)#SXT(JI+DIRCO (2,1)=SYI(JI+DIRCO (3,1)#SZ1(J)
SY{J)=DIRCO (142)#SXI(J)+DIRCO (2,2)#SYI(J)+DIRCO (3,2)#S21(J)
SZ(J)=DIRCD (1,3)#SXI(J)I+DIRCO (2,3)=SYT(J)+NIRCN (3,3)=2S21(J)
ELBORE(J)=ASINISX{(J))

AZBORE(J)=ATAN2{-SY(J),SZ(J))

QST(J)I=ELBORE(J)-QTB(J)
QTBD(2)=SQTI(2)-NMEGAY#COS(AZBORE(2))-0OMEGAZ*SIN(AZRORE(?))
OST(3)={AZBORE{1)-QTB(3))=COS(ELBORE(1))

DO 6 J=NDUM,4

NOISED(J)=0.

STVID(J)=0.

STV2D{J)=0.

STV3D(J)=0.

STV3PD(J)=0.

STVSDUJ)=0.

SQTID(J)=0.

QTBD{J)=0.

GO TO (7989391197475 7)4MODF

NSTAR=4

no 9 J=1,2

SX({J)=DIRCD (141)#SXI(JI+DIRCO (2,1)2SYI(J)+DIRGCO (3,1)=25Z21(J)
SY(J)=DIRCO (142)#SXI(JI)+DIRCO (2,2)%SYI(J)+DIRCN (3,2)%SZ1(J)
SZ(J)=DIRCO (1,3)«SXI(J)+DIRCO (2,3)%SYI{J)+DIRCN (3,3)=SZ1(J)
ELBORE(J)=—ASINI(SZ(J))

AZBORE(J)=ATAN2(-SX(J),SY(J))

OST(J)=FLBORE(J)-QTB(J)
OST(J+2)=(AZRORE(J)I-QTR(J+2))#COS{ELBORE (J))
QTBD(J)=SQTI(J)+0OMEGAX*COS(QTR(J+2))+0OMFGAY=SIN{OTR(J+2))
QTBD( J+2)=SQTI{J+2)-0OMEGAZ

DO 10 J=1,NSTAR

NOISED(J)=(WNG(J)-NOISE(J))/TAUNNG
STVID(J)=(QST(J)#STKT-STVL{J))/TAUL

3~115



21

20

22
10

11

STVZ2DUI)=(STG2#(STVLI(JI+NDISF{J)I-STV2(J))/TAUy2D
STV3D(J)=(STG3#(TAU2N#STV2D(J)+STV2(JI)=STVS(J))-STV3(J))/TAU3D
STV3PD(J)=(TAU3N=STV3ID(J)+STV3{J)-STV3P{J))/TAU3DP

DUM =TAUBNP#STV3PD(J)+STV3IP())

IF(ABS(DUM ).GT.STAL)DUM =SIGN(STAL,DUM )
STVSD(J)=(STKR=OTBD{J)-STV5({J))/TAUS
IF(OTBD{J).NE.O.)GO TO 20

SQTID(J)=STKM=DUM

IF{ABS{SOTID(J)).GT.STTFIGO TO 21

SQTIN(J)1=0.

GO TO 10
SOTID(J)I=(SQTID(JI)-SIGN{STTF,SOTID(J)) )/JIINRT(J)

GO 70 10

STCOUL=SIGN(STTF,QTBD(J))/JINRT(J)

SQTID(J)=STKM« (DUM=STKV#QTBND{J) ) /JINRT (J)=-STCNUL
DUMI=DELTAT*SQTIN(J)

IF(DUM1/QTBN(J).0E.~1.)G0 TO 10
DUM2=SQTIN(J)+STCOUL+STCOUL

IF(DUM2/SQTID(J).LE.0.)GO TO 22

SOTID(J)I=DUM2+QTRD(J) #(DUM2-SQTID(J))/ DUML

GO TN 10

SOTID(JY=—QTBN(J)/DELTAT

CONTINUFE

HORIZD(1)=0.

HORIZD(2)=0.

RETURN

NINT=47

DUM1=POS({1)*%224PNS(3)%s?

DUM2=SQRT(DUM])

DUMI=SQRT(DUM1+POS(2)%#+2)

LAMDA=ASIN(POS (2)/DUM])

CLONG=PNDS(3)/DUM2

SLONG=POS(1)/DUM2
LAMDA=LAMDA+.0033732SIN(2.#LAMDA)+.000006*SIN{ 4. #*LAMDA)
HRZACT(1)= DIRCO (1,2)#CLONG-DIRCO (3,2)#SLONG
HRZIACT(2)= (DIRCO (1,1)=SLONG+DIRCO (3,1)#CLONG)#»
1 COS{LAMDA)+DIRCD (2,1)#SIN(LAMDA)
HORTIZD(1)=(GHORIZ=HRZACT(1)-HORIZ{1))/ TAUHRZ
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HORIZD(2)=(GHORT7«HRZACT (2)-HORI7(2))/ TAUHR?Z
RETURN
END
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Subroutine DISTRB
Called by. — DERIV,
Function. — Computes disturbance torques acting on the vehicle, including time
functions approximating gravity gradient, and aerodynamic torques plus internal mov-

ing mass effects.

Comments. — The equations used in this routine are those supplied in the RFP.
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SUBROUTINE DISTRR
COMMON/RKC/U(T79) yUMIN(T9),DTMIN,NTEST, DFLTAT ,NDDUBL,NINT, T, TRETRN,
1 NOINT(79)

COMMON/CGYRO/AA,RA,CA,AB,BB,CR,AG,BG, JMBFETA, JMALPH, AB AG,BR BG,
1 CB BGyAA BA,AA CA,BA CA,BB CByDIF1,DIF2,GRAJMA, SUML, SUM2,SUM3,
2 SUM4,SUM5,SUM6,SUMT, SUM8, SUM9, SUM10,AGNMGO(3),AGOMGN(3),AGOMGM,
3 HNOM

REAL JMBETA,JMALPH

COMMON/CBODY/ZIXXy 1YY 127 IXY 3 IYZyIXZyIXX09IYYDW1ZZ20,1XYOs1YZ0,

1 IXZO4IXXDy1YYD,12ZDyIXYD,IYZD,IXZD,ITERM(3)

REAL IXX g IYY G IZZyIXY9IYZyIXZ4IXXOy1YYD1ZZ0,IXYOD,IYZ0,IXZ0,IXXN,
1 TIYYDy1Z22D4IXYD,1YZDoIXZDyITFRM,INERT(6) 4 INERTO(6),INERTD(6)

FQUIVALENCE(IXXyINERT(1))y (IXXO,INERTO(1)),{IXXD, INERTD(1))

COMMON/FLOTIN/ZLATE(15) ,EULRDC(3),EWLRC(3),TMAN,AGOMGA(3), MODE,
1 FBSEL,UPDATE,NGAIN,LAW,MODCOM,LTIMIG(3),LTIMOG(3)

INTEGER FBSEL,UPDATE

COMMON/DIST/MDIST(3) 4MDNOM(3),SPHASF{3,6),CPHASE(3,6),SFREQ(6),
1 CFREQ(6),MDAMP(3,6),FREQ(6), TQEMM(3)

REAL MDIST,MDNOM,MDAMP

COMMON/MOVE/QMASS,QMASS2,PMASS{3) ,VMASS(3),AMASS(3)},PMASSO(3),

1 VMASSO{(3),AMASSO(3)4R{3),ROMGA(3),ROMGA?(3),0OMGAMM(3),HALFAM(?),
2 COSMM{3),SINMM{3)

N0 1 J=1,6

DUMMY=FREQ(J)*T

SFREQ{J)=SIN(DUMMY)

1 CFREQ{J)=COS (DUMMY)
PO 3 J=1,3
MDIST{J)=MDNOM(J)
NO 2 K=1,6

2 MDIST{J)=MDIST{J)+MDAMP(J,K)# (SFREQ(K) #CPHASE(J,K)+CFREO(K )=
1 SPHASE(J,K}) .
DUMMY=0MGAMM( J)«T
SINMM(J)=SIN{DUMMY)
COSMM{J)=COS (DUMMY)
PMASS (J)=(HALFAM(J)=*T+VMASSO(J) )=T+PMASSD(J)
3 VMASS (J)=AMASSO(J)«T+VMASSOLJ)
PMASS(1)=PMASS(1)+R(3)#COSMM{3)+R(2)#COSMM(2)
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PMASS (2)=PMASS{2)+R(3)#SINMM(3)}+R(1)xCOSMM(]1)
PMASS(3)=PMASS({3)+R(2)#SINMM(2)+R(1)%#SINMM(])
VMASS{1)=VMASS{1)-ROMGA({3)#SINMM(3)-ROMGA(2) aSINMM(?2)
VMASS (2)=VMASS{2)+ROMGA(3) »COSMM{3)-ROMGA{1)#SINMM(])
VMASS {3)=VMASS{3)+ROMGA(2)#CNSMM(2) +4ROMGA(]1)*COSMM (1)
AMASS (1)=AMASSO(1)-ROMGA2(3)#COSMM(3)-ROMGA2(2)=COSMM( D)
AMASS (2)=AMASSO (2 )—-ROMGA2(3)«STNMM(3)-ROMGA2 (1)=COSMM(]) .
AMASS (3)=AMASSO(3)—ROMGA2(2) = STNMM(2)~-ROMGA2 (1) =STNMM(1)
00 9 J=1,3

IF{J-214,5,6

JY=2

Jz2=3

GD Y0 7

JY=3

Jz2=1

GO T0O 7

Jy=1

J2=2

INERT(J)=INFRTO(J)+QMASS2 (PMASS(JY)#PMASS{JY)+PMASS(J7)#PMASS(JZ))
INERT {J+3)=INERTO(J+3)+OMASS+PMASS{J)= PMASS(JY)
INERTD(J)=QMASS2= (PMASS{JY)®#VMASS(JY)+PMASS(JI7)=YMASS(JT))
INERTD(J+3)=QMASS*{PMASS{J)=VMASS{JY)+PMASS({JY)#VYMASS(Y))
AGOMGA(J)=AGOMGO( JY+AGOMGD(J) =T

IF(AGOMGA({J).GF.0.)GO TO 8

AGOMGAL(J)=0.

G0 T0 9

IF(AGOMGA(J) .LELAGOMGMIGO TO 9

AGOMGA(J)=AGOMGM

CONTINUE

RETURN

END
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. Subroutine FINDMG

Called by. — DERIV, RKIL

Function. — Computes derivatives of the variables associated with the CMG gim-
bal servo dynamics.

Comments. — The equations are listed in Appendix C.

. 3-121



$IBFTC S14 LIST

N

N NP

SUBROUTINE FINDMG
COMMON/RKYV/OMEGAB(3) ,8FTAD{3), ALPHAD( 3) ,BETA(3),ALPHA(3),PHI,

1 THETA,PSI,TLOADB(3),TLOADA(3),EMB(3),EMA(3),EFR(3),EFA(3) 4HEXT(3)

2 JENRGYB(3),FNRGYA(3),HORIZ{2),NOISE(4),STV1(4),STV?2(4),STV3(4),

3 STV3P(4),STV5(4),SQT1(4),QTB(4)

REAL NOISE
EQUIVALENCE({DMEGAX,OMEGAB(1)), {ODMEGAY,OMEGAB(2)) s (OMEGAZ,DMEGAR

1 {(3))

COMMON/RKYDV/OMGABD(3) ,BETADD(3),ALPHDD(3),DRBETA(3),DRALPH(3),

1 PHID,THETAD,PSID,TLDDB(3),TLDDA(3),EMBDOTI(3),EMADDT (3),FFRDOT(3),

2 EFADOT(3),HEXTD(3),ENRGBD(3),ENRGAD(3)yHORIZD(2)NOISEN(4),

3 STVID(4),STV2D(4),STV3N(4),STV3PD(4),STVS5D(4),SOTIN(4),0TARD(4)
REAL NOISED
EQUIVALENCE(OMGAXD,OMGABRD{1) ), {OMGAYD, OMGARD (2) ), (OMGAZD, OMGARD

1 (3))

COMMON/C SERVO/BINPUT(3),AINPUT(3),K2BETA,K2ALPH, TAUDRF, TAUDAL ,

1 KBETA,KALPH,KSFRE,KSFAL,TAUNBE, TAUNAL ,TAUBF,TAUAL,FLIMRE, ELIMAL,

2 KTBE,KTAL,KRRETAKBALPH,TAUMBF,TAUMAL 4 TFBETA,TFALPH,RLIMIT,ALIMIT

3 oGRBETA,GRALPH
REAL K2BETA,K2ALPH KBETAZKALPH,KSFBE,KSFAL,KTBE,KTAL,KBRETA,KBALPH
COMMON/TORQUE/MJET(3),MTOT(3),MB(3),MA(3),MAGIUET(3),FUEL(3),

1 FLOWRT{3),FUFLT
REAL MJET,MTODT MB,MA,MAGJIET
COMMON/FLOTIN/ZLATE(1S)EULRDC(3),EULRC(3),TMAN,AGOMGA(3),MODE,

1 FBSEFL,UPDATENGAIN,LAW,MODCOM,LIMIG{3),LIMDG(3)

INTEGER FBSFL,UPDATE
COMMON/FLODUT/RETADC(3) ALPHDC(3),TELAZC,EULER(3),EPSLON{3),

1 OMGABC(3),JET(Y)

DO 1 J=1,3
BINPUT(J)=BFTADC(J)
AINPUT(J)=ALPHDC(J)
IF{LIMIG(J))2,43,4
BINPUT(J)=AMAX1(0.,BINPUT(J))
GO 70 3
BINPUT(J)=AMINL{OD..BINPUT(J))
TF(LINOG(J))5,6,7
AINPUT(J)=AMAX1 (0., AINPUT(J)})
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GO TO 6
AINPUT(J)=AMIN1(0.,AINPUT(J))
EFBDOT(J)=(BETAD(J)#K2BFTA-EFB(J))/TAUDBF

EMBDOT(J)=(KBETA* (KSFBE®BINPUT(J)-EFB( J)-TAUNBE®*EFRDOT(J))—EMR(J)
1 )Y/TAUBE

DUM=EMBI(J)

TF(ABS(DUM) .GT.ELIMBE)NUM=SIGN{FL IMBE, DIIM)
TLDDB(J)={KTBE#{DUM-KBBETA®BFTAD(J) )-TLNADB(J))/TAUMBE
EFADOT (J)=(ALPHAD(J) *K2ALPH-FFA(J)) /TAUDAL

EMADOT(J)=(KALPH®# (KSFAL®AINPUT(J)—EFA( J)-TAUNAL®EFADOT(.)))~EMA(J)
1 )/TAUAL

DUM=EMA(J)
TF(ABS(DUM) .GTL.EL IMAL)DUM=SIGN{EL IMAL, DUM)

TLDDA(J)=(KTAL# (DUM-KBALPH#ALPHAD(J))-TLOADA (J))/TAUMAL
RETURN

END
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Subroutine FINDA

Called by. — DERIV.

Function. — Computes a;j; and aj; using equations (A - 25) to (A - 51).
Function. jj and aj; ) )
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SUBROUTINE FINDA
COMMON/SINCN/SINR(3) ,SINA(3) 4 SINPHI,SINTHE,SINPST,CNSR(3),C0OSA(3),
1 COSPHI,COSTHE,COSPSI,SINBSQ(3),SINASQ(3),C0SBSO(3),C0SASQ(3),
2 DIRCO(3,3) :
COMMON/AGROUP/A{9,9) 4AP{3,3),APINV(3,3),DETAP,DIFIXR{3),AAXRB(3),
: 1 XBSQ(3),BAXB(3)
COMMON/CGYRO/AA,BRA,CA,AB,BB,CB,AG,BG, JMRETA, JMALPH,AR AG,RB B8,
1 CB BGyAA BA,AA CA,BA CA,BB CB,DIF1,NIF2,GRAJIMA,SUM], SUM2, SUM3,
2 SUM4,SUMS, SUM6,SUMT, SUM8, SUM9, SUM10,AGOMGO(3) ,AGOMGD (3 ), AGOMGM,
3 HNOM
REAL JUMBETA, JMALPH
COMMON/CBODY/IXX e 1YY 9T1ZZoIXYgIYZ3IXZyIXXOyaIYYO417Z20,1XY0,T1Y20,
1 IXZOyIXXDy IYYDZTZZD3IXYDeIYZIDWIXZDL,ITERM(3)
REAL IXXo 1YYl ZZoIXYolYZWIXZoIXXOsIYYO1720,IXYD,1Y20,IX70,IXXD,
1 IYYDyI1ZZ2D,1XYDyIYZDZIXZD, ITERM, INERT{ 6),INFRTO{6),INFRTD(6)
FQUIVALENCE{IXXy INFRTI1) )y {IXXOL,INERTO (1)), {IXXD,INFRTD(1))
DO 1 J=1,3
XBSQ{J)=(AB AG)#SINBSQ(J)+(BRB BG)«CNSBSO(J)
AAXB{J)=AA+(AB AG)«COSBSQ(J)+(BB BG)*SINRSQ(J)
BAXB(J)=SUMZ2+XBSD(J)
1 DIFIXB{J)=DIF1#SINB(J)»COSB(J)
- DO 6 J=1,3
IF(J-2)2+4344
2 J2=2
J3=3
GO T0 5
3 J2=3
J3=1
GO 10 5
4 J2=1
- J3=2
5 A(Jy2%0+2)=SINA{J)esSUM3
Al(J,292J2+2)=C0OSA[J2)}=SUM3
A(J,2#)+3)=COSA(J)=*DIF1XR(J)
A(J2,2%03+43)=—STNA(J3)=DIFLXB(J3)
A(J2,2%)+3)=SUM4+XBSQ(J)
6 A(2%3+43,2+)+3)=SUM2+XBSQ{J)
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DO 11 J=1,3

1IF(J-2)7,8,9

J2=2

J3=3

GO T0 10

J2=3

J3=1

GO 10 10

J2=1

J3=2 .
AP(J'J)alNERT(J,+CﬂSASO(J)*AAXB(J)+SINASQ(J?,*AAXB(J?)+SUM8*
1 (SlNASQ(J)*CUSASQ(JZ),”A(J02*3+3)**2/A(2*J*3;2*J+3)—A(JvZ*J?+3’**
2 2/7A(2%0243,2#3243)+{SUMO/BAXB(J3))»(XRBRSQ(J3)+RA)
AP(J'JZ)=-INERT(J+3)+SINA(J2)*COSA(JZ)*(SUMS-AAXR(J?)*DIFIXB(J?)G*
1 27BAXB(J2))4+SUMIO%(A(Jy2%#J+3)/BAXB(J) +A(J2,2+J7+3)/RAXR(13))
AP{J2,J)=AP(J,J2)

RETURN

END
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Subroutine FINDB

Entry points. — FINDB, FINDBP.

Called by. — DERIV, RKIIL

Function. — Computes b; and bj by equations (A-52) to (A-69).
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SUBROUTINE FINDB
COMMON/RKYV/OMEGAB{3),RETAD(3),ALPHAD( 3),BETA(3),ALPHA(3), PHI,

1 THETA,PSI,TLDADB(3),TLOADA(3),EMB(3), EMA(3),EFB(3),FFA(3),HEXT(3)

2 JENRGYB(3),FNRGYA(3),HORTZ(2)NDISF{4),STV1(4),STV2(4),5STV3i(4),

3 STV3P(4),STVS(4),SQTI(4),QTB(4)

REAL NOISE
EQUIVALENCE(OMEGAX,OMEGARB( 1)), (DMEGAY, OMEGAR(2)), (DMEGAZ,0MEGAR

1 (3))
COMMON/RKC/U{T79),UMIN{T79) 4 DTMIN,DTEST,DELTAT,NDOURL NINT, T, TRETRN,

1 NOINT(79)
COMMON/SINCO/SINR{3),SINA(3),SINPHI,SINTHE,SINPST,COSR(3),C0SA(3),
1 COSPHI,CONSTHE,CNSPST ,SINBSQ(3),SINASQ(3),CNSRSQ(3),C0SASN(3),

2 DIRCO{(3,3)
COMMON/RATES/OMFGA(3,3),0MEGAP(3,3),0MGASQ(3),NMGAXP(3)
COMMON/AGROUP/A{9,9),AP(3,3),APINV(3,3),DETAP,NIFIXR(3),AAXRI(3),

1 XBSOQ(3),BAXR(3)
COMMON/BGROUP/BAUX1{3),BAUX2(3),RAUX3{3),BAUX4(3) ,RAUX5(3),

1 BAUX&(3),BAUXT(2),BAUXB(3),RAUX9(3),BAUX10(3),RAUX11{3),

2 BAUX12(3),BAUX13(3),BAUX14(3),BAUX1IS( 3),RAUXL6(3),BAUX1T(3),

3 BAUX18({3),BAUX19(3),BSMALL(9),BLARGF(9),BPRIME(9)
COMMON/CGYRO/AA,BA,CA,AB,BR,CB,AG,BG, JMRETA, JMALPH, AR AG,RB BG,

1 CB BG,AA BA,AA CA,BA CA,BB CB,DIF1,DIF2,GRAJMA,SUM],SUMZ, SUM3,

2 SUM&,SUM5,SUM6,SUMT,SUMB, SUM9, SUUM10,AGOMGO(3) 4 AGOMGN(3),AGOMGM,

3 HNDM
REAL JUMBETA,JMALPH
COMMON/CBODY/IXX s IYY 1224 IXYs1YZ,IXZ,1XX0,1YYD,1270,1XY0,1Y20,

1 IXZO,IXXD,1YYD,1Z2ZD,IXYD,1YZD, IXZD,ITERM(3)

REAL IXX g IYYIZZ 3 IXYoIYZyIXZoIXXO,TYYO 417720, IXYD,IYZN,IXZ0, IXXD,

1 IYYD,IZZD,IXYD,IYZD,IXZDy ITERM, INERT(6),INERTO(6),INFRTD{(6)
FQUIVALENCE(IXX,INERT(1)), (IXXO,INERTO{1)), (IXXD, INERTD(1))
COMMON/CSERVO/BINPUT(3),AINPUT(3),K2BETA,K2ALPH, TAUDNRE, TAUDAL,

1 XBETA,KALPH,KSFBE,KSFAL,TAUNBE,TAUNAL , TAUBF, TAUAL,FL IMBE, ELIMAL,

2 KTBE,KTAL,KBBETA,KBALPH, TAUMBE , TAUMAL ,TFBETA, TFALPH,RLIMIT,ALIMIT

3 yGRBETA,GRALPH
REAL K2BETA,K2ALPH,KBETA,KALPH,KSFBE,K SFALKTBE,KTAL,KBRFTA,KBALPH
COMMON/TORQUE/MJIFT(3) 4MTOT(3),MR(3),MA (3),MAGUET(3),FUEL(3),

1 FLOWRT(3),FUELT
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REAL MJET,MTOT,MBR,MA,MAGJET

COMMON/IOCONT/ZREAL(15) ,NUMBFR{15),NORDFR{15),TEVENT(15), TMATCH,
1 NEVENT,EVENTT(15),TCYCLE,NCOST1,NMAN]1 yNPRINT ,NPRCTL,TEND, LNECNT
COMMON/FLOTIN/ZLATE(15) ,EULRDC(3),EWRC(3),TMAN,AGDOMGA(3), MONE,
1 FBSEL,UPDATEZNGAIN,LAW,MODCOM,LIMIG(3),LIMDG(3)

INTEGER FBSEL,UPDATE
COMMON/FLOOUT/BETADC(3),ALPHDC{3),TELAZC,EULER(3),EPSLON(3),
1 OMGABC(3),JET(3)
COMMON/DIST/MDIST{3),MDNOM(3),SPHASF(3,6),CPHASF(3,6),SFRFEQ(6),
1 CFREQU6) ¢y MDAMP(3,6),FREQ(6),TOQEMM(3)

REAL MDIST,MDNOM,MDAMP

COMMON/MOVE/QMASS ,QMASS2,PMASS(3),VMASS(3),AMASS(3),PMASSO(3),
1 VMASSO(3),AMASSO{3),R(3),ROMGA{3),ROMGA2(3),0OMGAMM{3),HALFAM(3),
2 COSMM{3),STNMM{3)

DO 5 J=1,3

DUM=JET (J)

MIET(J)=DUMMAGIFT(J)

MTOT{J)=MJET{I)I+MDIST(J)

IF(J-2)1,2,3

JP1=2

Jp2=3

GO 10 4

JP1=3

Jp2=1

GO TO 4

JP1=1

JP2=2

BAUX1(J)=0OMEGAP({1,J)«ALPHAD(Y)

BAUX2 (J)=0MFGAP{JP2,J)#ALPHAD(J)
BAUX3{J)=0MEGA{JP2,J)#OMEGA({JP1,J)#(BB CR)
BAUX4{J)=SINB(J)=BAUX3{J)

BAUXS (J)=COSR{J)«BAUX3({J)

BAUX6 (J)=0OMEGA(JP2,J)# (OMEGA(J,J)=DIF2 +AG OMGA(J’)
RAUXT{J)=SINB{J)=BAUX6(J)

BAUXB(J)=CNSB(J)+BAUXSE(I)
BAUX9(J)=DOMEGAP(JP2,J)=OMEGAP(J,.J)=(AA CA)
BAUX10(J)=AAXB(J)=BAUX2(J)

BAUX11(J)=0OMEGA(JPl,J)={AB AG)
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BAUX12{J)=OMEGA{J,J)=*(BR BG)
BAUX13(J)=(COSB{J)#BAUXIL(J)+SINR(J)I=#BAUX12(J))*RETAD(J)
BAUX1 4(J)=SUMT=RAUX1{J)

BAUX1S{J)=OMEGAP(J,J) *OMEGAP(JP1,J)=(AA BA)

BAUX16(J)=0OMFGAP(JP1,J)=OMEGAP(JP2,J)# (RA CA)

BAUX17(J)=(OMEGAP(JP2,J)+GRBETA=BETAN( J) ) #JMRETA

RAUX18(J)=0MEGAP{J,J)#BAUX17(J)

BAUX19(J)=0MEGAP{JP1,J)*BAUX1T7(J)

OMGASQ(J)=0OMEGAR(J) #=2

OMGAXP{J )=OMEGAR{J)#OMEGAB(JP1)

BSMALL(2%#J+2)=0MEGA(JP1,J)#(NMEGA(J,J) *DIF1+AG DOMGA(J))

1 —-(SUM 3)#BAUX1(J)

RSMALL(2#J+3)=SINB(J)#COSB{J)*DIF1# (BAUX2(J)-RETAD(J)* OMEGAP(JP],
1J)) +OMEGAP(Js J)#BETAD(J) #XBSO( J)+RAUX4 (J)-RAUXB( J)
2 —BAUX9{ J)+BAUX1B(J)-AGOMGD(J)*SINB(J)

DO 10 J=1,3

1IF(J-2)64+7+8

JP1=2

JP2=3

GO 70 9

JP1=3

JP2=1

GO 10 9

JP1l=1

Jp2=2

TQEMM(J) = INFRTD(J+3)#OMEGABR{JP1) - (INERTD(J) *NMEGAB(J) -

1 !NERTD(JP?+3)*ONEGAB(JP2)+QMASS*(OMFSAR(JPl)*(PNASS(J)*VMASS(JPI)
2 —PMASS(JPI)*VMASS(J))+OMEGAB(JPZ)*(PMASS(J)*VMASS(JPZ)—PMASS(JPZ)
3 sVMASS(J))+PMASS(JP1)#AMASS (JP2)-PMASS(JP2) #AMASS(JP1)))

ITERM(J) = (OMGASQ{JP2)-0OMGASQ(JIP1) ) * INERT{JP1+3)+OMGAXP (JP1 ) *(
1 INERT(JP2)-INERT(JP1))+OMGAXP(JP2) #INFRT(J+3)-OMGAXP(J)=
2 INERT{JP2+3)-TQFMM(J) g
BSMALL(J)=COSA(J) »(BAUX10(J)+BAUXS5(J)+BAUXT(J)-RAUX13(J)

+BAUX16( J)—BAUX19(J)-AGOMGN (J)+COSB(J))

—SINA(JP1)*(BAUXI0(JPY)+RBAUXS(JP1)+BAUXT{JPL)-RAUX13(JP1)

+RAUX16(JP1)-BAUX19(JP1)-AGOMGD(JP1)#COSRIJIPL))

+SINA(J) #(BSMALL (22J+2)=BAUX14(J)+BAUXLS(J))

+COSA(JPL)# (BSMALL(2#JP142)—RBAUX14(JP 1) +BAUX1I5(JP1))

S DWW N
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22

24

23

26
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e le BN

+DIFIXB(JP2)#BAUX2(JP2)+BAUXL(JP2)-BAUXB({JP2)-BAUXI(JIP?2)
~BETAD(JP2)#(BAUX1I1{JP2)+SINB(JIP2)-BAUX12(JP2)=COSB(IP2))
—ITERM(J)+BAUX1B{JP2)+GRAIMA«(ALPHAD( J) #DMEGAR(JP2) -
ALPHAD(JP1)«OMEGAB(JP1))-AGOMGD(JP2)#SINB(JP2)
ENTRY FINDBP
DO 20 J=146
K=J
I=J+43
Jp2=2
IF(K.GE.4)GO TO 21
DUM=1.
GO 10O 22
K=J-3
1=K
Jp2=3
DUM=-1,
SUMTQE=TLOADB(J)+BETAD(I)*AGOMGA(K) #COSR (K) *DUM
COUL=BINPUT(JP2+425)
IF{BETAD({J).NE.O0.)GO TN 23
IF(ABS{SUMTQE).LE.COUL)GO TO 24
MB{J)=TLOADB({J)}-SIGN{COUL,SUMTQF)
GO T0 20
MB(J)=TLOADB(J)}-SUMTQE
G0 7O 20
NDUM=JP2+2+%K
ZINRT=A(NDUM,NDUM)
COUL=SIGN(COUL/ZINRT,BFTAD(J))
DUM1I=SUMTQE/ZINRT-COUL
DUMDEL=DUM1#DELTAT
IF{DUMDEL/BETAD{(J).GE.—-1.)GN TO 25
DUM2=DUM1+COUL +COUL
IF(DUM2/DUM1.LE.D.)GO TO 26
DUM1=DUM2+BETAD(J)#{DUM2-DUM1)/DUMDEL
GO 70 25
DUM1=—BETAD(J)/DELTAT
MB(J)=TLOADB(J)-SUMTQE+DUM1I#7INRT
CONTINUE
DO 13 J=1,3
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BLARGE(J)=BSMALL (J)+MTOT(J)
BLARGE(2#J42)=BSMALL(2#J+42)+MB(J)

13 BLARGE(2#J+3)=BSMALL (22J+3)+MA(J)
DO 11 J=4,9

11 BPRIME(J)=BLARGE(J)/A(J,yJ)
BPRIME(1)=BLARGE(1)—(A(1,4)=#BPRIME(4)+A(1,5)*RPRIME(S)
1 +A(1,6)%BPRIME(6)+A(1,7)=BPRIME(T)+A(1,9)#RPRIMF(9))
BPRIME(2)=BLARGE(2)-(A(2,5)*BPRIME(5)+A(2,6) «BPRIME(6)
1 #A(2,7)#BPRIME(T7)+A(2,8)=BPRIME(8)+A(2,9)=RPRIME(I))
BPRIME(3)=BLARGE(3)-{A(3,4)=RPRIME(4)+A(3,5)*BPRIME(S)
1 +A(3,7)*BPRIME(7)+A(3,8)#BPRIME(8)+A(3,9)*BPRIMF(9))
RETURN '
END
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Subroutine EVDER
Entry points. — EVDER, EVDERP,
Called by. — DERIV, RKII.

Calls. — SOLVEX.

Function. — Computes Euler rates (Appendix B) and b'zi and ﬁ j» equations (A-79)
to (A-85).

Comments. — This routine can set any selected state vector derivative(s) to
zero. This will "freeze" the associated state vector element at its initial value.
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$IRFTC S17 LIST
SUBROUTINE EVDER
COMMON/RKYV/DMEGAB(3) ,RETAD(3), ALPHAD( 3) ,RETA(3),ALPHA(3), PHI,

1 THETA,PSI.TLOADB(3),TLOADA(3).EMB(3),EMA(3),EFR(3),FFA(3).HFXT(3)

2 'ENRGYB(3),ENRGYA(3),HDRIZ(?’.NOISE(G),STVI(#)vSTV?(Q)ySTV?(k)'

3 STV3P(4),5TV5(4),S0TI(4),QTR(4)

REAL NOISE
EQUIVALENCE (OMEGAX,OMEGAB(1) ), {OMEGAY, OMEGAB(2) ), {OMEGAZ,OMEGAR

1 (3))

COMMON/RK YDV /OMGABD (3) ,BETADD(3),ALPHDD(3),DRBETA(3),DRALPHI(3]),

1 PHID,YHETAD'PSIO.TLDDB(3),TLDDA(B)yFMBDﬂT(%),EMAOﬂT(B),FFPDOT(3)v

2 EFADD?(B).HEXTD(3)'ENRGBD(B),ENRGAD(3)'HORIZO(Q).NOISED(4)o

3 STVlD(4)oSTV?D(#),STV3D(4)'STV3PD(4),STVSD(Q)9SQTID(4)'0TRQ(4)
REAL NOISED
EQUIVALENCE(OMGAXD,UMGABH(1)),(OMGAYD.OMGARD(?)),(UMGAZD,DMGARD

1 (3))

COMMON/RKC/U(TO9) yUMIN(79),DTMIN,DTEST, DELTAT ,NDODUBL,NINT, T, TRFTRN,

1 NOINT{79)
COMMON/SINCN/SINR(3) 3 SINA{3) 4 SINPHI,SINTHE,SINPST,CNSR(3), COSA(3),

1 COSPHI,COSTHE,COSPSI,SINRSQ(3),SINASQ(3),COSRSQ(3),COSASQ(3),

2 DIRCO(3,3)
COMMON/RATES/OMEGA(3,3),0MEGAP(3,3),0MGASQ(3),0MGAXP(3)
COMMON/AGROUP/A{9,9) yAP(3,3),APINV(3,3),PETAP,NIFIXR{3),AAXB(3),

1 XBSQ(3),BAXB({3)

COMMON/RGROUP /BAUX1 (3),BAUX2(3) 4BAUX3( ) ,BAUX4(3),BAUXS(3),

1 BAUX6(3),BAUXT(3),BAUX8B(3),RAUX2(3),BAUX10(3),RAUX11(3),

2 BAUX12(3),BAUX13(3),BAUX14(3),BAUX15(3),BAUX16(3),RAUX17(3]),

3 BAUX18(3),BAUX19(3),BSMALL(9),BLARGE(9),RPRIMF(9)

COMMON/TORQUE /MJFT(3) ,MTOT{3),MB(3),MA(3),MAGIET(3),FUFL(3]),

1 FLOWRT(3),FUELT
REAL MJEY,MTOT,MB,MA,MAGJET
PSID=({SINPHI*OMEGAY+COSPHI®*OMEGA7 ) /COS THF
THETAD=COSPHI#NMEGAY-SINPHI#0OMEGAZ
PHID=OMEGAX+PSID#SINTHE
N0 S5 J=1,3
DRBETA(J)=BETAD(J)

DRALPH(J )=ALPHAD(J)
HEXTD(J) =0,
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NO 5 K=1,3

HEXTD(J)=HEXTD(J)+DIRCO(J,K)#MTOT(K)
ENRGBD(1)=ABS(TLDADB{ 1)+ OMEGA(3,1))
ENRGBD(2)=ABS(TLOADB(2)+* OMEGA(1,2))
ENRGBD(3)=ABS{TLOADB(3)* OMEGA(2,3))
ENRGAD(1)=ABS(TLOADA(1)«OMEGAP(2,1))
ENRGAD{2)=ABRS(TLOADA( 2)»OMEGAP(3,2))
ENRGAD(3)=ARS(TLOADA(3)=0OMEGAP(1,3))

ENTRY EVDERP

CALL SOLVEX(AP,APINV,DETAP,OMGABD,BPRIME,1)
BETADD(1)=BPRIME(4)—(A(1,4)*OMGAXD+A(3,4)#0MGAZD)/A(4,4)
BETADD(2)=BPRIME{6)-{A(1,6)e0MGAXD+A(2 46 )%0OMGAYD)/A(646)
BETADD(3)=BPRIME(8)-(A(2,8)=0OMGAYD+A(3,8)*0OMGAZD) /A(8,8)
DO 2 J=1,3
ALPHDOD(J)=BPRIME(2¢J43)-(A(1,2%J+3)«0OMGAXD+A(2,22J+3) «OMGAYD
1 +A{3,2%J43)#0MGAZD)/A(2%)43,2%)4+3)

DO 3 J=1,79

IF(NOINT(J).EQ.O0) GO TO 4

K=NOINT(J)

OMGABD(K)=0.

RETURN

END
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Subroutine ENERGY (INDRS)
Called by. — RKII, INITIL.
Calls. — RANO.

Function. — This routine performs computations needed once each complete
integration step.

Comments — Certain items used in the environment integration cannot be com-
puted every time the derivatives are evaluated (at least four times each integration
step). These include:

a. CMG gimbal limit detection

b. Star tracker noise computation

c. Peak power detection.

All gimbals are checked for limit crossings. If any gimbals change their limit
status, the argument INDRS is set to one.
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$IBFTC S18 LIST
SUBROUTINE ENERGY(INDRS)
COMMON/RKYV/OMEGAB(3) ,BETAD(3),ALPHAD( 3) ,BETA(3),ALPHA(3), PHI,

1 THETA,PSI,TLOADR(3),TLOADA(3),EMB(3),EMA(3),EFB(3),EFA(3),HEXT(3)

2 +ENRGYB(3),ENRGYA(3),4HORIZ(2),NOISE(4),STV1(4),STV2(4),STV3(4),

3 STV3P(4),STV5(4),S0TI1(4),QTB(4)

REAL NOTSE
EQUIVALFNCE({OMEGAX,OMEGAB( 1)), (OMEGAY, OMEGAR(2)) 4 (NMFGA7,OMFGAR

1 (3))

COMMON/RKYDV/OMGABD(3) ,BFTADD(3),ALPHDD(3),DRBETA(3),NRALPH(3),

1 PHID,THETAD,PSID,TLDDB(3),TLDDA(3),EMRDNT(3),FMADOT(3),FFRNOT(3),

2 EFADOTU(3),HEXTD(3),ENRGBD(3),ENRGAD(3),HORTIZD(2),NOISED(4),

3 STVID(4),STV2D{4),STV3D(4),STVIPD(4),STVSDI(4),SHTIN(4),NTBD(4)
REAL NOISED
EQUIVALENCE({OMGAXD,0OMGABD{ 1)), (OMGAYD, OMGABD(?)) , (OMGAZD,NMGARD

1 (3))

COMMON/RKC/U(79) yUMIN(79),DTMIN,DTEST, DELTAT ,NDNUBL,NINT, T, TRFTRN,

1 NOINT(79)
COMMON/CSERVD/BINPUT(3),AINPUT(3),K2BETA,K2ALPH,TAUDRF, TAUDAL,

1 KBETA,KALPH,KSFBRE,KSFAL,TAUNBE,TAUNAL ,TAUBF,TAUAL,FLIMRE, FLIMAL,

2 KTBE KTAL,+KBRETA,KBALPH, TAUUMBE , TAUMAL , TFRETA,TFALPH, Rl IMI T,ALIMIT

3 yGRBETA,GRALPH
REAL K2BETA,K2ALPH,KBETA,KALPH,KSFBF,KSFAL,KTRF,KTAL,KBRFTA,KRALPH
COMMON/POWER/PMAXR{3),PMAXA(3),DTLIST(300),KDT
COMMON/FLOTIN/ZLATE(15)sEULRDC(3),EULRC( 3),TMAN, AGOMGA(3), MODFE,

1 FBSEL,UPDATE NGAIN,LAW,MODCOM, LTMIGI{3),LIMNG{3)

INTEGER FBSEL,UPDATE
COMMON/SENSOR/FSTAR(2) yASTAR{2) s TAUWNG , TAUL, TAU?N,TAU2D,TAU3N,

1 TAU3D,TAU3NP,TAU3DP,TAUS,STKT,STG2,STG3,STAL,STKM,STKV,STTF,STKR,

2 JINRT(4),ETA(2),TAUHRZ,GHORIZ,DFLW(3),STRIAS(4),STSIG,

3 SXI(2)ySYT(2)4SZI02),SX(2),SY(2),S7(2),ELBORF(?),AZR0RE(2),0ST(4)

4 9WNGI(4),HRZACT(2) .

REAL JINRT

DATA XG/03777777777771/

KDT=KDT+1
IF(KDT.LE.300)DTLIST(KDT)=DELTAT
DO 13 J=1,3

POWR=ABS({ENRGBD(J))
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IF{POWR.GT.PMAXB(J))PMAXB{J)=PNKR
POWR=ABS{ENRGAD(J}))
IFIPNWR.GT.PMAXA(J))PMAXA(J)=POWR
INDRS=0

PO 10 J=1,3

ITF(LIMIG(J))1,2,3
IF(RETA(J).LF.—RLIMIT) GO 71O 4
LIMIG(J)=0.

INDRS=1

GO 10 2

TIF(RETA(J)-BLIMIT) 5,4,4%
IF{ABS(RETA{J)).LE.BLIMIT)IGO TO 4
INDRS=1

IF(RETA(J).GT.0.)G0 TO 6
LIMIG(J)=-1

GO TN 4

LIMIG(J)=1

TF(LIMOG(J))T7,+8,9
IF(ALPHA(J).LE.-ALIMITIGO TN 10
LIMOG({J)=0.

INDRS=1

GO 70O 8
IF(ALPHA(J)-ALIMITII1,10,10
IF{ABS{ALPHALJU)).LELALIMITIGO TO 10
INDRS=1

IF(ALPHA(J).GT.0.)G0D TO 12
LIMDG(I)=-1

GO T0 10

LIMOG(J)=1

CONTINUE

GO TO (14+,15,16514,14,14,14),M0ODE
NDUM=]

GO 10 17

NDUM=¢4

DO 18 J=1,NDUM

CALL RAND(STSIG,STBIAS({J) o XG,WNG({J))
NOISED(J)=({WNG(J)-NDISE(J))/TAUWNG
RETURN
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Subroutine STORE (INDEX)
Called by. — MAIN, INITIL.

Function. — Stores the sensed variable(s) corresponding to the event time spec-
ified in the argument, INDEX, in the control computer input buffer.
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$IBFTC S19 LIST
SUBROUTINE STORE(INDEX)
COMMON/RKYV/OMEGARB(3) ,BETAD(3),ALPHAD( 3),RETA(3),ALPHA(3),PHI,
1 THETA,PSI,TLOADB(3),TLOADA(3),EMB(3),EMA(3),EFR(3),EFA(3),HEXT(3)
2 +ENRGYB(3),ENRGYA(3),HORIZ(2),NOISE(4),STV1(4),STV2(4),STV3i4),
3 STV3P(4),STV5(4),S0T1{4),QTR(4)
REAL NOISE
EQUIVALENCE(OMEGAX,OMEGAB(1)), (OMEGAY, DMEGAB(2) ), (OMEGAZ,OMEGAR
1 (3))
COMMON/CONSTS/RTODEG,DEGTOR,RE,MU,PIE, WO(10) ,VFO,FIXWO(10) ,WEARTH
REAL MU
COMMON/IOCONT/ ZREAL(15) yNUMBFR(15)4NORDER(15),TEVENT(15), TMATCH,
1 NEVENT,EVENTT(15),TCYCLE,NCOST1,NMAN] yNPRINT NPRCTL,TEND, LNECNT
COMMON/FLOTIN/ZLATE(15),EULRDC(3),EULRC(3),TMAN,AGOMA{3),MODE,
1 FBSEL,UPDATE NGAIN,LAW,MODCOM,LIMIG(3),LIMOG(3)
INTEGER FBSEL,UPDATE
COMMON/SENSOR/ESTAR(?2),ASTAR(2),TAUWNG ,TAUL,TAU2N, TAUI?D,TAU3N,
1 TAU3D,TAU3NP,TAU3DP,TAUS,STKT,STG2,STG3,STAL,,STKM,STKV,STTF,STKR,
2 JINRT(4),ETA(2),TAUHRZ,GHORIZ,DFLW{3) ,STRIAS(4),STSIG,
3 SXI(2),SYI(2),SZI(2),SX(2),SY{2),SZ2(2),FLBORE(2),A7RNRE(?),QST(4)
4 JWNG{4),HRZACT{2)
REAL JINRT
DO 1 J=1,3
ZREAL (J)=0OMEGAB{J)+DELW(J)
ZREAL {J+9)=RFTA(J)
1 ZREAL(J+12)=ALPHA(J)
DO 2 J=1,2
ZREAL {J+3)=QTB(J)
IREAL (J+5)=QTB(J+2)
2 ZREAL(J+T)=HORIZ(J)+ETA(JD)
DO 3 J=1,6
TFIABS{ZREAL(J+9)).LE.PIE)GO TD 3
DUMMY = ABS{ZREAL(J+9))/PIF
IDUM=DUMMY
IDUM=(({TIDUM+1)/2)+2
DUMMY=1DUM
ZREAL (J+9)=ZRFEAL{J+9)~-SIGN{DUMMY,7REAL (J+9))=PIF
3 CONTINUE

3~-141



NO & J=1,4

TF{ABS{ZREAL (J+3)).LE.PIE) GO TO 4
DUMMY=ABS(ZREAL(J+3))/PIE
IDUM=DUMMY

IDUM=(( IDUM+1)/2) =2

DUMMY =1DUM

ZREAL (J+3)=7REAL(J+3)-SIGN (DUMMY,ZREAL (J+3))=*PIE
CONTINUE

IF{INDEX.EQ.1)NLOWER=1
NUPPER=NLOWER+NUMBER( INDEX)-1

DO 5 K=NLOWER,NUPPER

I=NORDER(K)

ZLATE(I)=2REAL(T)

NLOWER=NUPPER+1

RETURN

END
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Subroutine FANDG
Called by. — INITIL; Optionally, MANUAL.

Function. — Computes coefficients f; and g; of the power series for position
and velocity.

Comments. — The f and g series are discussed in Volume I.
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$IBFTC S20 LIST
SUBROUTINE FANDG
C THIS ROUTINE SIMULATES GROUND TRANSMISSION OF NAVIGATION UPDATF INFN

COMMON/RKC/U(T9) ,UMIN(T79) ,DTMIN,DTEST, DELTAT,NDOUBL,NINT, T, TRETRN,
1 NOINT({79)
COMMON/PVDATA/POS(3),VEL(3),PDS0(3),VELO(3),ECCENT,ENOW,MF ANA,

1 MEANAO,FVECT(3),CETAO,SETAOQ,PVCON(4), PTARGT (3)

REAL MEANA,MEANAO

COMMON/CONSTS/RTODEGy DEGTOR4yRE,MU,PIE, WO(10),VFO,FIXWO(10) ,WEARTH
REAL MU
COMMON/IDCONT/ZREAL(15) ¢y NUMBRER(15) 4NDRNDER({15) y TEVENT(15),TMATCH,
1 NEVENT,EVENTT(15),TCYCLE,NCOST1,NMAN]1 NPRINT ,NPRCTL, TFND, L NECNT
COMMON/FLOTSC/FLNMT7,FLNM6,FLNMS5, FLNM&, FLNM3,FLNM2,FLNM] ,FLNPO,
CFLNPL,FLNP2,FLNP3,FLNP4,FLNPS,FLNP6,FLNP7,FLNP8,FLNPS,
C FLNM11,FLNMIO,FLNMB,FLNP12,F2NM25,F2NM15,F2NM10,FL2NM2,FL 2NM1,
C FL2NPO,FL2NP1

COMMON/QUANT/NBIN(25) JNBOUT(16) 4y NFXPNT
COMMON/EXPL1V/ACDRL,ACDOT,ADSAVE,CNSAC,COSWT, I0MEGA({3),
COMEGAE(3),R0{3),5,SDOT,SDUM,SINAC,SINWT, SPRIME,SRFEL(3),550, TANAC,
Cv(3),vC(3),VDOUR(3),WE,WE2,WE3,WF4
COMMON/TVECT/DELT H,TIME{10) ,NPASS,NSL OW, XNSLOW
COMMON/NAV/F(10),FDOT,FDUM{10)4FTOT,G{10),GDOT4GDUM(10),5TNT,P(3),
CPO(3),PDOTI(3),PDOTO(3)

INTEGER NPO(3),NPDOTO{3) ,FIXF(LOI4FIXG{10) ,FIXT,FIXDT,FPTGT{3}
FQUIVALENCE (NPO(1),P0(1)),{(NPDOTO(1),PPOTO(1) ), (FIXF(1),F (1)),

1 (FIXG(L1)yGUL) )y {FIXT,TIME(L)), (FIXDTDELT)H(FPTGT{1),R0O{1))
DUM1=WEARTH=T

DUM2=SIN({DUM1)

DUM3=COS(DUM1)

ROT1)=PTARGT(1)#DUM3+PTARGT(3)#DUM2

RO(2)=PTARGT(2)

RO(3)=PTARGT(3)«DUM3-PTARGT(1)#DUM2

DELT=TCYCLE#XNSLOW

TIME(1)=-DELT

DUM1=0.

DUM2=0.

DUM3 =0,

DO 1 J=1,3
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PO(J)=P0OS(I)

DUM1=DUM1 +POS({J)=VEL({J)

DUM2=DUM2+P0OS(J)=P0OS{J)

DUM3=DUM3+VEL(J)*VEL(J)

PDOTO(J)=VEL(J)

DUM1=DUM1/(RE+VED)

DUM2=DUM2/(RE*RE)

DUM4&=SQRT(DUM?2)

DUM3=DUM3/{VEO=VFD)—-1./NUM4

ZU=1./{DUM2#DUM4)

7S=DUM1/NUM?2

ZE=DUM3/DUM?2

F{1)=0.

F{2)=-2U

F(3)=3.#75#7U

Fl(4)={—-15.87S##247U+3,#7FE272U+7U#»2)
FI5)=105.%7S5%8327147S%7s(~45,27F-15.271)

FI6)=-945 ., 87S#8487U+7S22227Us (630, #7F+210.#7U)+7E#7Un{-24,#7U~45. %
1 ZE)~-ZUw+3

F{T)=2S##3a7U# (10395, 27S#282-9450,#7F-3 150, 87U)+7S=(7F=7U»(BB2,#
1 ZU+1575.82E)463.47Unn3)
F(8)=2S344a7Us{—135135,.#7S»224]155925,# 7E 451975, 27} +7S##2 % 2E=7)»
1 (=245T70.%2U—42575,.827F)=-2205.27Un23)+7F27Us (117 . #7U»%2+1575,%#7F%%?
2 +1107.%72E27U)+7Usel

FI{9)=2S#25272U#{2027025.F0#7S%#22~-28378B35, F0#JF-945945,#71))+7Sx=3x
1 (ZE=2U%(644490.27U+10914T7S.EO%7E)+65835 . w7 Use3)+/.Sx{7F27U=*

2 (-10935.27U%82-99225 #]Faa2-T43R5 27F #71))=-255 ., #7U%»4)
F(10)=72S*26#7Un(-34459425 . F0=7S#22+567567.F2%2E+189189,.F2+#7U)+

1 2S#%42{7E=71)n(=1T702701.F1#7U-2837835.F1#7F)-189]1R89.F1#7Us=3)+
2 IS##24(7E%7Un({599940 ., #7U»%2+43659 . F28 7Fen24342144 F1=7F=71])+

3 21120.32U»24)4+7FE87 U {498 . #7U%%3-9Q22 6 n7Fa#3+7F27U={-05410,7F
4 ~15066.22U))-72U=%aS ’

G(l)=1.

G{2)=0.

6G{3)=-2U

G(4)=6.,%25271)

G(S5)=7Us (~45.27S#8249,27F+71))
Gl6)=2S272Un{420.2#7Se22-180.*7E-30,.%71))
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G(7)=2S##287Us(—4T725.#7S#2243150.#ZE+630. 27U )+2FE#2Un(-54,271-275.»
1 ZE)-ZU==3
G(8)=ZS**3*ZU*(62370.*25*!2—56700.*16—12600.*ZU)+ZS*(ZE*ZU*(1024.!
1 ZU49450.#1F) 4126, 27U%+3)
GlO)=7Sn%437Us(—045945.#75%82+1001475.FO#7E+25987S5.#7U) +7S##2=(

1 ZE272U#{—111510.%2U~-297675.%7E)~-6615.#ZUs23)+7Ex7Un (243 ,#7Ux%2+
2 11025.#2FE#8234131 ., #7FE%2U)+7U=xn4 .
G(10)=2S##522Us{162162.F287S#82-22T70268B.F1#2F-S6T7567.F1#7U)+7S#=3»

1 (Z2F#2U# (361746, F1#7U+BT318.F2%#7F) 4263340 ,#2U##3)+7S%(7F%7 Un{
2 =35100.%#ZU%#2-793800,.#7E##2-371790.22F+71))-510.#7U=»%4)
TFINFXPNT.NE.O)GD TO 3

DO 2 J=2,10

F{J)=WO(J)=F(J)

GlJ)=WO(J-1)+G(J)

RETURN

FIXDT=F2NM10«DELT

FIXT=-=FIXDT

DD 4 J=2,10

FIXFLI)=F{J)#FIXWO(J)=FL2NPO

FIXG(JI)=G(J)#FIXWO(J-1)#FL2NPO .
FIXG{1)=G{1)+FL2NM]

po 5 J=1,3

NPO(J)=PO(J)#F2NM25 .
NPDOTO(J)=PDOTO(J)eF2NM]1S

FPTGT (J)=RO(J)®F2NM25

RETURN

END

3-146




Subroutine UPDAT3
Called by. — INITIL; Optionally, MANUAL.

Function. — Computes phase angle, 7, used for transforming orbital rate to body
commands wxc, Wy -
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$IBFTC S21 LIST
SUBROUTINE UPDAT3
C UPDATE FOR EXPERIMENT THREE
COMMDN/RKYV/OMEGAB(3) ,BETAD(3),ALPHAD( 3),BETA(3),ALPHA{3), PHI,
1 THETA,PSI,TLOADR(3),TLOADA(3),EMB(3),EMA(3),EFB(3),EFA(3),HEXT(3)
2 JENRGYB{3),ENRGYA(3),HORIZ(2),NOISE(4),STV]1(4),STV2(4),STV3(4),
3 STV3IP(4),STV5(4),S0TI(4),0TB(4)
REAL NOISE
EQUIVALENCE{OMEGAX,OMEGAR( 1)), (OMEGAY,OMEGAR(2) ), (OMFGAZ,OMFEGAR
1 (3))
COMMON/SINCO/SINB(3),SINA(3),SINPHI,SINTHF,SINPST,CNSB(3),CNS5A(3),
1 COSPHI,COSTHE,CNSPST,SINBSQ(3),SINASQ(3),C0SBSN(3),0NSASQ(3),
2 DIRCO(3,3)
COMMON/PVDATA/POS(3) s VEL(3),PDS0(3),VELO(3),FCCENT,ENOW,MEANA,
1 MEANAO,FVECT(3),CETAO,SFTAOD,PVCON(4), PTARGT (3)
REAL MEANA,MEANAO
COMMON/FLOTSC/FLNMT ,FLNM6, FLNMS , FLNMG, FLNM3,FLNM? ,FLNML,FLNPO,
CFLNP1,FLNP2,FLNP3,FLNP4,FLNPS FLNP6,FLNP7,FLNP8,FLNP9,
C FLNM11,FLNM10,FLNMB,FLNP12,F2NM25,F2NM15,F2NM10, FL2NM2,FL 2NML,
C FL2NPO,FL2NP1
COMMON/QUANT/NBIN(25) 4NBOUT(16) 4NFXPNT
COMMON/FIXOUT/BDNOTC(3) 4ADOTC(3) ,AC,ED(3),EP(3),WC(2),NJET(3)
COMMON/EXP3V/ANGL E,COSDUM,COSL,CASLR,COSTH,DELANG,DELX,DFLY,DFE1 7,
CDBLPI ETADOTKC4PREV,PSP(3) 4R,SINDUMySINL,SINLR,SIN2LR,STNTH,
CSPX(2)4SPY{2)4SPZ(2),S1XGeS17G5S2ZG, WRAR,7 4, ZEXT,
CZEYI,2ZEZ21,EPZDOT
FQUIVALENCE (NANGLE,ANGLF), (NPREV,PREV), (NETADT,ETADNT),
1 (NDANG,DELANG)
DIMENSION VMODI(3)
EP(3)=0.
DUM1=0.
DUM2=0.
DO 1 J=1,3
DUM1=DUM1+POS(J)*VELI(J)
1 DUM2=DUM2+P0S(J) *+POS(J)
NUM1=DUM1/DUM2
DUM2=0.
DuUM3=0.
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DO 2 J=1,3

VMOD( J)=VEL(J)-DUM1«POS(J)
DUM2=DUM2-VMOD(J)#DIRCO(J,1)
DUM3=DUM3+VMOD{J)=DIRCO(J,2)
ANGLE=ATAN2({DUM3, DUM2)
TFINFXPNT.NE.O) GO TO 3
ANGLE=ANGLE-DELANG
PREV=0OMEGAZ-ETADOT

RETURN

NANGL E=ANGLE*FL 2NM2
NPREV=IFIX(OMEGAZ#FLNPS)-NETADT
NANGL E=NANGL E-NDANG

RETURN

END
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Function COST (XXXX, YYYY,J)
Called by. — COMP.
Function. — Iterative control law cost function.
Comments. — Figure 3-17 is the math flow of this subroutine. It is anticipated
that the user may wish to alter this routine. To easily make these changes, the sub-

routine is programmed in floating-point FORTRAN.

The listing commentary supplies details.

oa, Rig, 1)

WHERE Rg . IS THE CANDIDATE OUTER GIMBAL RATE
R, !S THE CANDIDATE INNER GIMBAL RATE
i 1S THE GYRO NUMBER

fc IS THE GYRO COST

fc = LARGE POSITIVE NUMBER

RETURN

¢ = Kerr (Rogl + Kepal Rigl+ KeralHi Rog Rig os B/ D

A

f

Figure 3-17. Control Computer Math Flow Cost Function Subvoutine
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$IBFYC S22 LIST
FUNCTION COSTI{XXXXeYYYY,yd)

sses THIS ROUTINE REPRESENTS THE COST FUNCTION FOR THE ITERATIVE
CONTROL LAW. TO EASE THE PROGRAMMING TASK INVOLVED IN-CHANGING
THIS FUNCTION, IT IS WRITTEN IN FLOATING POINT FORTRAN,FOR BfITH
FLOATING AND FIXED POINT CONTROL COMPUTERS.

OO0

COMMON/RKYV/OMEGAB{3) ,BRETAD(3),ALPHAD{3),BETA(3),ALPHA(3), PHI,

1 THETA,PSI,TLOADB(3),TLOADA(3),EMBI(3),EMA(3),EFB(3),EFA(3),HEXT{3)
2 2ENRGYB{3),ENRGYA(3),HDRIZ(2),NDISE(4),STV1(4),STV2(4),STV3(4),
3 STV3P(4),STV5(4),SQT1(4),QTB(4)

REAL NOISE
EQUIVALENCE(OMEGAX ,OMEGAR(1) ), {OMEGAY, OMEGAB(2) ), (OMEGAZ,OMEGABR

1 (3))

COMMON/SINCO/SINB{3),SINA(3) ,SINPHI,SINTHF,SINPST,COSR(3),COSA(3),
1 COSPHI,COSTHE,CNSPSI,,SINBSQ(3),SINASQ(3),C0SBSQ(3),CNSASQI(3),
2 DIRCO(3,3)

COMMON/IOCONT/ZREAL(15) yNUMBER{15)4NORDER(15),TEVENT(15), TMATCH,
1 NEVENT,EVENTT(15),TCYCLE,NCOST1,NMAN1 ,NPRINT,NPRCTL, TEND, LNECNT
COMMON/FLOTIN/ZLATE(1S5),FULRDC(3) ,EULRC{ 3}, TMAN,AGNMGA(3), MODE,

1 FBSEL,UPDATESNGAIN,LAW,MODCOM,LIMIG(3),LINOG(3)
INTEGER FBSEL,UPDATE
COMMON/FLOTSC/FLNMT,FLNM6,FLNMS, FLNM4, FLNM3,FLNM2,FLNM1,FLNPD,
CFLNP1,FLNP2,FLNP3,FLNP4,FLNPS,FLNP6,FLNPT7,FLNPR,FLNP9I,
C FLNM11,FLNMiO,Fi.NMB,FLNP12,)F2NM25,F2NM1S5,F2NMID,FL2NM2 . FL 2NML,
C FL2NPO, FL2NP1
COMMON/MISCEL/FS,DBLFS,N sNH,MDLAST,HALFFS
INTEGER FS,DBLFS,HALFFS
COMMON/QUANT/NBIN(25) yNBOUT(16) yNFXPNT
COMMON/CONTL2/DELA(3),DELB(3),N0T1(3),ND0T2(3),D073(3),DUM]1,DUM2,
CKSAVE ,MAGASQ(3),MAGBSQ(3),TREM(3),TRQPRNI(3),UNITVH(3,3)
C +»BHOLD,BSELFD,BDOTDS MBMAX
REAL KSAVE,MAGASQ,MAGBSQ
FQUIVALENCE (ARATE,NARATE), (BRATE,NBRATE), (XCOST,NCNST)
DIMENSION CFK(3)
DATA CFK /.01641.41. /
NAMEL IST/COSTK/ CFK
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alealeleNaRelel

OO ONOOOOOOO

97

*R RN

LR B 2 1

(A & 24

ARATE=XXXX

BRATE=YYYY
IF(NFXPNT.EQ.0)GD TO 97
ARATE=FLDAT(NARATE)/FLNP2
BRATE=FLOAT{NBRATE)/FLNP2
IF{NCOST1.EQ.0)GN TO 1
NCOST1=0

THFE NEXT SECTION (THRU STATEMENT 1) IS EXECUTED ON FIRST PASS
THRU THIS ROUTINE {FACH RUN). USE THIS SECTION TO RFAD ANY
NEEDED DATA.

READ(S5,C0OSTK)
WRITE(6,C0STK)

END OF SINGLE PASS SECTIDN

THE NEXT SECTION IS THE COST FUNCTINN. CONSIDER THESF GUIDELINES.

1. THE FIRST STATEMENT IS GIVEN THE STATEMFENT NUMRER ]
2. THERF SHOULD BE A STATEMENT OF THE FDORM,

XCOST = EXPRESSION , WHERE FXPRESSINN INVOLVFS THE
PSEUDD-ARGUMENTS (ARATF,RRATE,J)
AND ANY OTHFR APPROPRIATE
VARTABLES AND CONSTANTS.
3. TO SCALFE THE COSY FUNCTION, BRE AWARF THAT

ARATE AND BRATE HAVE A MAXIMUM ABSOLUTE VALUE OF
«25 RAD,./SEC.

XCOST MUST RANGE FROM 0. 7O 1.
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1 IF((ABS(BETA(J)).LT.BHOLD).OR.(BRATE.EQ.O.).OR.(BRATE.GT.O..AND.
X BETA(J)elTe04)e0ORe(BRATE.LT.0..AND.BETA{J).GT.0.))G0 TO 2
XC0OST=100.
GO TD 98 '
? ‘XCOST=CFK(1)!(ABS(ARATE)+CFK(Z)iABS(BRATE)+CFK(3)*ABS(AGOMGA(J)*
X COSB({J)=ARATE#BRATE))
c
C
Ce#sxs END OF COST FUNCTION
c
c
98 IF{NFXPNT.EQ.0)GD TO 99
IF(XCOST.GT.1.)XCOST=1.
NCOST=XCOST=FLNPO
IF(NCOST.GE.FS)INCOST=FS~-1
99 COST=XCDSTY
RETURN
END
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Subroutine SINCC (Y, SINY)

Entry points. — SINCC, COSCC.

Called by. — COMP.

Function. — Fixed point sin/cos utility routine.

Comments. — Uses polynomial approximation

2 4 6 m
i = + + + <—
siny (1 ascy bscy Cscy )Y, IYI 2

and the trig. identity, cos y = sin (7/2 £y).

Scaling:

a
ScC

b
sc

c
scC

argument Y

argument SINY

-0.166656,

0.0083119,

~0. 000184882,

angle,

sin(y) or cos(y),
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$IBFTC S23 LIST
SUBROUTINE SINCC(Y,SINY)

c

C SINE AND COSINE SUBROUTINE

C .
COMMON/NPSCAL/NMT,NM6,NMS,NM4 ,NM3,NM2, NM1 ,NPO,NP1,NP2,NP3,NP4,NPS,
CNP6+NPT,NP8,NP9
COMMON/MISCEL/FS,DBLFS,N +NHyMDLAST,HALFFS

INTEGER FS,DBLFS,HALFFS
COMMON/SINCOS/ASC4B,C,HALFPI,PI,HAFP]
INTEGER ASC,B,C,HALFP1,PI,HAFPI
INTEGER Xy YySINY X2 4XbygXby2
X =Y
GO 10 9
ENTRY COSCCLY,SINY)
IF(Y.LT.O)X Y+HAFP!
IF(Y.GE.D)X HAFPT -Y
9 NEG = 0
IF(X)1,2,2
1 X=-=X
NEG=-1
2 TF(X-PI)3,3,4%
3 TF(X.GT.HAFPI)X=P1-X
GO TO s
4 NEG = NFG+1
X=X-P1
5 X2 ={(Xu22)/NM2
X4 =({X2#%2)/NM1
X6 =(X42X2)/NM1
={{FS+(ASC#X2)/NPO + (R#X4)/NP3 + (C#X6&6)/NPB)=aX)/NM2

IF{NEG)6,7,6
6 SINY =-7

GO 70 8
7 SINY = 72
8 RETURN

END
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Subroutine CCATAN (ANGT, NUM, DEN)
Called by. -COMP.
Function. —=Fixed point arc tangent utility routine.
Comments. =Uses polynomial approximation

arc tan x = {[(dx2 + c)x2 +b]x2 +a} x, |x]|<1

Scaling:
0
a =0.999215, a<2
b = -0. 3211819, b2t
_ -2
c = 0.1462766, c<2
-4
d = -0. 0389929, d<2
argument NUM, INUM| < 20
argument DEN, DEN| < 20
argument ANGT = arc tan (gg?f ) , IANGT]| < 22
3 . |
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$IBFTC S24 LIST
SUBROUTINE CCATAN({ANGT,NUM, DEN)

c

C ARC TANGENT SUBRDUTINE

c
COMMON/NPSCAL/NMT ,NM6,NMS, NM4 , NM3 ,NM2 , NM1,NPO,NP] 4NP? ,NP3, NP4 ,NP5,
CNP64yNPT,NP8,NPQ
COMMON/MISCEL/FS,DBLFS,N s NHyMDLAS T, HALFFS

INTEGER FS,DBLFS,HALFFS
COMMON/SINCOS/ASC,484CyHALFPI,PI,HAFPI
INTEGER ASC,R,C,HALFPI,PI,HAFPI
COMMON/ATANC /AAT,BAT,CAT,DAT,QUARPI
INTEGER AAT,BAT,CAT,DAT,QUARPI
INTEGER ANGT,DEN, TAN,ATAN, TAN2
IF(TABS({NUM)-TABS(DEN) )45,46,47

45 J =1
TAN ={NUM=NPO)/DFN
GO T0O 48

47 J = 3
TAN =(DEN#NPO)/NUM
GO TO 48

46 J = 2

ATAN = QUARPI
TF(NUM.LTL.O)ATAN=-ATAN
GO TO 49
48 TAN2 ={TAN#=2)/NPO
ATAN = ((((({(DAT=TAN2)/NP2 + CAT)#TAN2) /NP1 + RAT)=*TAN2)/NP1 +
CAAT)=*TAN) /NPO
49 TF(NUM)50,50,51
50 IF(DEN)52,52,53
52 IF(J-3)55,54,55%
54 ANGT= (-HALFPI/2 - ATAN/4)
RETURN
55 ANGT= (-PI + ATAN/4)
RETURN
53 TF(J-3)56,54,56
56 ANGT= ATAN/4
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51
57
59
60

58

RETURN

IF(DEN)S57,57,58
1F(J-3159,60,59

ANGT= (Pl + ATAN/4)
RETURN

ANGT= (HALFPI/2 - ATAN/4)
RETURN

IF(J-3)56,60,56

END
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Subroutine CCASIN (ANG, SINANG)
Called by. -COMP.
Calls. =SQRTCC.
Function. —=Fixed point arc sin utility routine.

Comments. —Uses approximation
arc sinx=12[ - {[(dx+c)x+b]x+a} 1-x

for 0<x<1

Scaling:

_ 1

a= 1.5707288, a < 2
_ -2

b = -0.2121144, D < 2
-3

c = 0.0742610, c < 2
d = -0.0187293, 4 < 27
argument ANG = arc sin (SINANG), |ANG| < 21
argument SINANG, SINANG| < 2"
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$IBFTC S25 LISY

C

c

36

37

38
39

SUBROUTINE CCASIN(ANG, SINANG)

C ARC SINE SUBROUTINE

COMMDN/NPSCAL/NM74,NM6 ,NM5 ) NMGy NM3,NM2, NM1,NPOQ,NP1 ,NP2,NP3, NP4, NP5,

CNP6,NP7,NPB,NP9

COMMON/MISCEL/FS,DBLFSyN +NHyMDLAS T,HALFFS
INTEGER FS,DBLFS,HALFFS
COMMON/SINCOS/ASC,B,CyHALFPI,PI,HAFPI

INTEGER ASCyByCyHALFPI,PI,HAFP]
COMMON/ASINC/AAS,BAS,CAS,DAS

INTEGER AAS,RAS,CAS,DAS

INTEGER ANG, SINANG, XAS

INTEGER SQRTCC

TF(SINANG)?36,37,738

XAS = —SINANG

GO T0O 39

ANG = O

RETURN

XAS = SINANG

MIDIMY = (((({(DAS*XAS)/NP2+CAS)=2XAS)/NP1+BAS)*#XAS)/NP3+AAS
ANG = HALFPI - (SQRTCC(FS-XAS) =* MIDTM1)/NPO
TF{SINANG.LT.0)ANG=—ANG

RETURN

END
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Function SQRTCC (X)
Called by. ~-COMP, CCASIN.
Function. —=Fixed point square root routine.

Comments. =Uses three iterations of

_ (VX) X
vX) = -1 + ———
n-1
Scaling. —
k
argument X, 0<X<2
% k even
SQRTCC =vVX , 0 < SQRTCC < 2
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$IRFTC S26 LIST
INTEGER FUNCTION SQRTCC(X)

C SQUARE ROOT FUNCTION

COMMON/NPSCAL/NM7,NM6& yNMS ,NM4,NM3 ,NM2 , NM1 ,NPO NP1 ,NP2,NP3, NP4 NP5,
CNP6,NPT7,NPB, NP9
COMMDN/MISCEL/FS,DBLFS,,N s NH,MDLAST,HALFFS
INTEGER FS,DRLFS,HALFFS
INTEGER X424 TRY
IF(X.GT.0) GN TO 1
SQRTCC=0
RETURN
1 K=1
2=X
2 TRY=7 %4
IF{TRY.GT.FSIGO TO 3
7=TRY
K=22K
GD 10 2
3 TRY=HALFFS+72/2
DO &4 J=1,3
4 TRY=TRY/2+(7%NM1) /TRY
SQRTCC=TRY/K
RETURN
END
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Function DMULT(X,Y)
Called by. -COMP
Function. —Returns double precision product of two double precision numbers.
k
Comments. =If x is double precision szkx and y is double precision <2V
n
and, X=2"A+B
Yy=2'Cc+D

where A,B,C,D are FORTRAN integers< 2",

then the desired product is XY/ 22n for a product maximum value of ka +ky.

2n n
Note that X;; _ 27 AC +2 (;«D + BC) + BD
2 2"
or as programmed X—Y- = AC + (AD + BC) + BD/I
2n n
2 2
Summary. -
_ - ky
argument = X, double precision, x| < 2
k..
argument = Y, double precision, ly| = 27
DMULT = XY, double precision, |xy | < 2kx+ky
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$IBFTC S27 LIST
INTEGER FUNCTION DMULTI(X,Y)

C

C DOUBLE PRECISION MULTIPLY FUNCTION

C .
COMMON/NPSCAL/NMT,NM6 ,NM5 4 NM4 o NM3 ,NM2 . NM1 ,NPO,NP1,NP2,NP3, NP4 ,NPS,
CNP64,NPT7,NP8,NPS
COMMON/MISCEL/FS,DBLFS,N +NHy,MDLAS T, HALFFS

INTEGER FS,DBLFS,HALFFS
INTEGER X,YyMSX,LSXyMSY,LSY
IF(X.GT.DBLFS)X=DBLFS
MSX=X/NPO

LSX=X-MSX#NPO
IFIY.GT.DBLFS)Y=DBLFS
MSY=Y/NPO

LSY=Y-MSY#NPO

DMULT =MSX#MSY+ (MSX#LSY+LSX#MSY) /NPO
RETURN

END
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Function QUOTNT (DBLNUM, SGLDEN)

Called by. -COMP.

Function. —Returns the double precision quotient of a double precision dividend and
a single precision divisor.

Comments. ~Assume x, the double precision numerator, is represented by the
FORTRAN integer X =21 A + B, andy is the single precision denominator represented
by Y. LetQ =20 C +D be the answer.

Where A, B, C, D, Y are < 2n

and A<Y

X
then v % TRUNCATED = C +§/ =C
2

. D
since - <1
2

It remains to find D. Note that

or D =

C =
and
D =

then  QUOTNT = 2°C +D

where |x| < ka, Iy| < 2kY, |-)y(-| < %Ky
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INTEGER FUNCTION QUOTNT(DBLNUM,SGLDEN)

c
C DOUBLE PRECISION DIVIDED BY A SINGLE PRECISION NUMBER

c

Crens DBLNUM , 2#sN ——— SGLDEN , 2##D —-— QUOTNT , 2##{N-D)

C
COMMON/NP SCAL/NM7,NM6 yNMS s NM&4 o NM3 . NM2 , NM1 ,NPO 4 NP1 ,NP2,NP3, NP4, NP5,
CNP6,NPT7,NP84yNP9
COMMON/MISCEL/FS,DBLFS,N sNHyMDLAS T, HALFFS

INTEGER FS,DBLFS,HALFFS
INTEGER DBLNUM, SGLDEN

IF(TABS{DBLNUM) .GT.DBLFS)IDBLNUM=T1SIGN{DBLFS,DBLNUM)

MSIG=DBLNUM/SGLDEN
LSIG={ (DBLNUM-MSIG#SGLNEN) «NPO) /SGLDEN

QUOTNT=MSIG=aNPO+LSIG
IF(TABS(MSIG).GT.FSIQUOTNT=ISIGN(DBLFS 4M51G)

RETURN
END
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Subroutine AINVSE (A, AINV, DETA, X, Y, NSYM)
gﬁry points. —AINVSE, SOLVEX.
Called by. —=EVDER.
Function. —Computes X = [ A] _ll{, order 3.

Comments. —Arguments.

A = 3 x 3 matrix

_ -1
AINV = [A]
DETA = |A|
X = 3 vector, 1

} X=[A] " X

Y = 3 vector
NSYM = 1if A symmetric
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SUBROUTINE AINVSE{A,AINV,DETA,X,Y,NSYM)

TO FIND B=Awxes-1 AND DET({A), WHERE A AND B ARE 3X3 MATRICES,
CALL AINVSE(A,B,DETA,DUMMY,DUMMY,NSYM)

TO FIND X=(Asx—1)=Y, B=Ase-1 AND DET(A),{X AND Y ARF 3-VECTORS),
CALL SOLVEX(AyBsDETA,XsY4NSYM)

IF A IS SYMMETRIC,NSYM=1 OTHERNISE, NSYM=0

OO ON

DIMENSION A(3,3),AINVI(3,3),X(3),Y(3)
NOSOL=1
GO 10 1
ENTRY SOLVEX{A,AINV,DETA,X,Y,NSYM)
NOSOL=0

1 DETA=A(1,1)#A(2,2)#A(3,3)+4A(1,2)%A(3,1)2A(2,3)+A(1,3)=A(2,]1)=
1 A(3,2)-A(3,1)#A(2,2)*A(1,3)-A(1,1)#A(2,3)%A(3,2)-A(1,2)%A(2,1)¢*
2 A(3,3)
AINVI1,1)=(A(2,2)%A(3,3)-A(2,3)#A(3,2))/DETA
AINV(2,2)=(A(1,1)=A(3,3)-A(1,3)#A(3,1))/DETA
AINV(3,3)=(A(1,1)#A(2,2)-A(1,2)#A(2,1) }/DETA
AINVI{1,2)=21A{1,31#A(3,2)-A(1,2)%A(3,3))/DFTA
AINVI1,3)=(A(1,2)#A(2,3)-A(2,2)2A(1,3))/DETA
AINVI2,3)=(A(1,3)=A(2,1)-A(1,1)%A(2,3))/DETA
TF{NSYM.FQ.1)G0 7O 3
AINVI2,1)=(A(3,1)#A(2,3)-A(2,1)#A(3,3) )/DETA
AINV(3,1)=(A(2,1)=A(3,2)-A(2,2)#A(3,1))/DETA
AINVI3,2)=(A(3,1)#A(1,2)-A(1,1)%A(3,2))/DETA

4 IF(NOSOL.NE.O)RETURN
DO 2 J=1,3

2 X(J)=AINV{Jy1)#Y(1)+AINV(J,2)8Y(2)+AINVIJ,3) =Y (3)
RETURN

3 AINV(2,1)=AINV(1,2)
AINV{3,1)=AINV{1,3)
AINVI(3,2)=AINVI2,3)
GO 70 4
END
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Subroutine RANO (SIG, BIAS, XK, R)
Called by. — ENERGY.
Function. — Produces normally distributed random numbers.
Comments. — This routine is written in MAP (IBSYS assembly language), and is

included for completeness only. It will be necessary to replace this routine with a
Langley Research Center utility routine.

Arguments:
SIG = Standard deviation of distribution
BIAS = Mean value of distribution
XK = Kicker, initially set equal to 377 777 777 777 octal
R = Generated random number
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$IBMAP S30

ENTRY
RANO SAVE

CLA
STA
CLA
ALS
STD
CLA
STA
CLA
STA
TSX
PZTE PZE
PZE
STO

RETURN

CAML PZE
PZE
PZE
STD
SXD
TZE
TMI
ANA
LRS
ADD
LRS
ADD
LXA

JBM STO
CLA
FDP
STQ
cLA
FAD
sus
TIX

FULIST,LREF
RAND
(1,2)
3.4
PITE
44

18
PITE
Se4
PIZTE+]
644
PITE+2
JRDY vy 4
0

0

n
RAND

0

0

0

STP
STP-1,1
2r4h
1o4
STP-4

ST

STP~3
STP—-2,1
STeP+l
STpP
STP+1
STP+2
STP+2
STP+1
STP-4
JBM, 1,1
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LXD STP-1,1

TRA 294

ocT 1000000000, 100400000000,3,0
STP ocT 0,0,0
PTG TZE 1,4

TMI 1,4

LRS 27

STQ CAML

ALS 19

DRA JAE

FSB JAE+1

STO CAML+]

CLA CAML

LRS 8

ORA JAFE+2

FAD JAE+3

STO CAML

FSB JAE +4

FDH CAML

STQ CAML

FMP CAML

STO CAML+2

LDO JRDY-2

FMP CAML+2

FAD JRDY-2

LRS 35

FMp CAML+?2

FAD JAE+S

LRS 35

FMp CAML

FAD CAML+1

LRS 35

FMp JRDY-1

TRA 214
JAFE ocT 210000000000, 210401000000, 200000000000

0oCcT 200552023631,201552023631,202561251001

ocrT 200754213603,200462532521,200542710277
JRDY SXD DDCK, 4
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CLA
STA
ARS
STA
CLA
STA
STA
STA
LDO
MPY
STO
CLA
ARS
ADD
FAD
sTn
LRS
FMP
FAD
SSM
FAD
LRS
FMP
TSX
HTR
LRS
FMP
STO
TSX
HTR
STO
LRS
FMP
STO
CLA
STO
AXT
LDO

144
RDCO
18
RDCO+1
2¢4
#4+3
.44
*4 4

.
RDCO+4
e

2w

8
RDCO+5S
RDCN+6
XYZ+3
35
XYZ-6
XYz-5

XYZ-5
35
XYZ-4
PT1G,4
»

35
XY7-6
DDCK—-4
CAML+3,4
»

XYZ +4
35
DDCK-5
DDCK-3
XYZ-5
DDCK-2
3:4
XYZ 44
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FMP DDCK-2,44

FAD DDCK~-2

STO DDCK-2

TIX R-lbogbyl

CLA XY2

STO DDCK~-1

AXT 2+ 4

LDQ XYZ2+3,4

FMPpP DDCK-3,4

FAD DDCK-1

ST0 DDCK-1

TIX #-byby

FOP DDCK~-2

STQ DDCK-2

CLA DDCK~-2

CHS

FAD XY2Z+4

STO DDCK-1

CLA XYZ+3

FSB XY2-4

TPL *+3

CLS DDCK-1

TRA “+2

CLA DDCK-1

LRS 35
RDCO FMP -

FAD »n

LXD DDCK, 4

TRA 344

ocT 11060471625, 200000000000,0

DEC —2.'109.5

ocT 201556626307,176603476734,167526704623
XYZ ocY 202501770730,200633037061,172522333054

oCT 0,0,0,0,0,0
DDCK OCT 0

END
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Subroutine ZERO

Function. — Stores data at program load time into common blocks /CONSTS/,
/AGROUP/, /BUFFIN/.

Comments. — This is a block data subroutine. The data loaded into /CONSTS/
and /AGROUP/ should remain unchanged, but the data put into the input buffer should
be altered to reflect that data most frequently used by LRC. This minimizes the num-
ber of data cards that must be prepared for a run, since these cards need contain

only changed data.
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$IRFTC

1
2

AL WN -~

WA MO0 dOUH DN -

1

ZERQ LIST

BLOCK DATA

COMMON/CONSTS/X(27) /AGROUP/A(112)

CO”HON/BUFFIN/SVIC(79)1U(83)'AA(18)9SRVO(26),STTRKR(31)1BODYI(9)1
TQDIST(bl),POSIC(b)'TDATA(26),NOINT(124)yDATACC(16)iGAINS(65)v
OTHER(13),yNCONT(9)

DATA X /57.2957795E0,.174532925E-1,2.092574157,1.4076545167
3.1415926550'1-23944345‘371.53621995-6'1.9040576E-9v
2.35997175*12,2.9250513E~l5,3.62543565-18.4.49352??F-?11
5.5694665E°2406.90303855—2798.55592555‘30'2.59362716E4y
.317297510E0'.40271084050,-255558294E0y-32435204250..411664382500
.261240167E0o.331563418509.420816989E0,-267048366E0y.33893512650,
«T2722052E~-4/4 A /112%0./

DATA SVIC/79+%0./, U / 9#.,01+9¢.001,12#20.,6%#.02,94#0.,2#,001,420.,
4'.001,4!.005.4*.5,4*10.,4*.005,4’.05,4*.005;1.:.01,.1E—7,
«15625E-2 /,AA / 4e¢193.890791.064141241.024.837,.43,2%,005,
3#]1000.43%0.,2%1000./, SRVOD /2%.427,2%.00667,2%1840.,7+28,8652,
2’.0182,2*6.667'2*21.,2'.16,2*1.53,2*.00305,2'.15'80.yI.E5.
2%6T7.6/4STTRKR/ 4%0,, «0254.016,1.1,168.,
100.g5.3,.05'2.y.016,578.y4.y248.,20.9.754'1..3.8,.8,3.8,5.3?7
9.33, 2#6.4F-4,.06,1.008,3+5,25F-3/, BRODYI/.151E6,.15F6,.3E5,
320.+2%1000.+500./+P0OSIC/00¢0e9+22141741E8,.2521402E5,00,0./,
TDATA/4%#044420.5,17%.1,5.99,3%,1667/,NNINT/79%80,4,42%15,0,1/,NATA
CC/O..O...2092574158,0..1.,3*0.,l.yB'O.,1.,1.,.11387551F-?'1./'
OTHER/ .5'.1,3.5.,2;.3,,5,2*10,,90.,78.71./;NCDNT/éy?gQ,@11;31109
1s1/

DATA TQDIST/61%0./

DATA GAINS/ 5#.90484,2%4737.,3%2369,,224706.,3%2353,,2+91 .1,
38470.692#4737.,3282369,,2%4706.,3#2353,,22941,1,3#470.6,30%0.,/

END
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Section 4

USERS GUIDE

Introduction

A familiarity with the system features and characteristics is necessary for using
the CMG simulation. This guide is primarily a tabulation of input/output data and
formats, containing explanations of options and references to other sections of this
report.

Data input is by NAMELIST, where only data changes must be supplied; thus, the
value that each data item will assume is given. These are not recommended values
and are subject to change by LRC.

All data used by the control computer is subject to the maximum values speci-
fied in Appendix E,

Source decks for two subroutines should be made available to the user. These
routines can be easily reprogrammed to suit individual requirements. They are:

a. MANUAL — Supplies desired commands to the system.
b. COST — The iterative control law's cost function.
Modification instructions for these routines are contained in the Program Description
section.
Input Data
There are three input lists. These are to be specified in the following order:

$DATA
$COMAND
$COSTK

$DATA - This data supplies the main input buffer, /BUFFIN/, as follows.



Name

NBIT

NFXPNT

PTARGT(3)

AZCO

CAPM1(3)
CAPM2(3)
CAPMS3(3)
ETADOT

WOAVE

WBMAX

NMOUNT

NUPDAT

MODE

Symbol

Way

WBMAX

Description

Control computer word length
is sign + n bits,7 < n < 17

Indicator; 0, floating point
1, fixed point

Must correspond with COMP

routine fixed or floating

Inertial coordinates of target
position at t = 0. (Earth

Mapping)

Telescope azimuth command at
t = 0 (Earth Mapping)

Row 1 1 Direction cosines
Row 2 commanded body to
Row 3 5 inertial (Exp. 1)

z-axis rate command (Horizon
Spectrometry)

Average orbital rate (Horizon
Spectrometry, Microwave
Transmission)

Maximum body rate (Maneuver
Mode)

Star tracker mounting indicator
2, Inertial; 3, Horizon
Spectrometry

Attitude update command; 0,

no update; 1, update from star
trackers; 2, update from en-
vironment (Horizon Spectromety
Spectrometry)

Mode selector

1, Earth Mapping; 2, Inertial;
3, Horizon Spectrometry; 4,
Microwave Transmission; 5,
Attitude Hold; 6, Maneuver;
7, Manual

Value

15

0.
0. ft.
20 925 741.

1.°/sec.

0.0011387551 rod/sec

=

.°/sec




Name

ZO(5)
KE1(5)
KE2(5)
KE3(5)
KE4(5)
KE5(5)
KE6(5)
KR1(5)
KR2(5)
KR3(5)
KR4(5)
KR5(5)
KR6(5)

NFBSEL

NGAIN

KSAVE

XKREM

ITER

LAW

MODCOM

Symbol

Zo, M

Ke1
Ke2s
Kes,
Kes;

Kr5’

mg
!

e
Mg
mG J
mG—
mag
m
mg
mg
mGJ

G >

Description

Five values of compensation Zg

Five sets of attitude
error gains

Five sets of attitude
error gains

Feedback selector 1, sensed
rate; 2, derived rate

Gain selector, 1 through 5

Algebraic Control Law param-
eter (Volume I)

Iterative Control Law param-
eter (Volume I)

Maximum number of iterations
ICL

Control Law selector
1, Baseline C.L.; 2, Algebraic
C.L., 3, Iterative C.L.

Indicator, For control laws 2
and 3;0, _r-I:C = _r.];d; 1, _TC =
T4 - Tp (Algebraic & Iterative)

Value

5%.90484

2%4809., 3*%2405.
2%4777., 3%2389.

2*955., 3*%478.

2*%4809., 3%2405.
2%4777., 3%2389.

2%955., 3*478.

5%0.
5%0.
5%0.
5%0.
5%0.
5%0.

2

0.5

0.1

10

1



Name

BHOLD

BSELFD

BDOTDS
ERRLIM(3)

DTJET(3)

TCYCLE

NSLOW

NXTRAP

TRUN
TPRINT

POS(3)

VEL(3)

BA
CA
AB
BB
CB
AG
BG
JMBETA
JMALPH

Symbol

BHOLD

BSELFD
BDs
£L

Aty

Atg

Ns1,0wW

end

Description
Value of |p |, for which itera-

tive control law will not select
B of same polarity as 8

| 81> BsgLFp initiates self
desaturation in Control Laws

2 and 3 (Algebraic & Iterative)
Self desaturation rate
Jet desaturation error limits

Jet pulse width

Control computer comp period

At
s .
= —AT— , an integer =1
f

Indicator, 1, Extrapolateg;;
0, use latew.

Run duration
Print out interval
Vehicle inertial position @

t=0

Vehicle inertial velocity @
t=0

CMG Imnertias
(ft. -1b. -sec. 2)

Value

90°

78°

1.°/sec.

3%5,°

secC.

o © O
o1 W W

0.1 sec.

6. secC

0.1 sec

0.
0.
22 141 741.

22 214.02
0. ft. /sec.
0.

.1

.8

.1

.06
.12
.02
. 837
.43
.005
.005

C O OO HMKEKFEOWK

ft.




Name

AGOMGO(3)

AGOMGD(3)

AGOMGM
HNOM

IXX
IYY
127
XY
IYZ
IXZ

JETTQE(3)
FLOWRT(3)

KSF(2)
K(2)

K2(2)

KT(2)

KB(2)
TAU(2)
TAUM(2)
TAUN(2)
TAUD(2)
ELIM(2)
TF(2)
GRATIO(2)
LIMIT (2)
MAXRTC(2)

ESTAR
ASTAR

Symbol

Hj(o)

TMi

Description
CMG spin momenta @ t=0

CMG spin momenta rate of
change

Maximum value of H;

Nominal value of H;

Vehicle Inertias
(ft. -Ib. -sec. 2)

Reaction jet torques

Reaction jet fuel rates

CMG Gimbal Servo
parameters subscript
1-8

2 -«

See Appendix C.

Inertial Location of Stars

1 and 2

4-5

Value

3*%1000. ft.-1b. -sec.

3*0. ft.-lb.

1000. ft.-1b. -sec.
1000. ft.-1b. -sec.

151 000.
150 000.
30 000.
0.

0.

0.

2*1000., 500. ft.-1b.
3%0.1667 lbs/sec.

2*28, 8652 v/rad/sec
2%1840.

2%0.47 v/rad/sec
2%0.16 ft.-1b/amp
2*1. 53 v/rad/sec
2%6.667 sec
2%0.00305 sec
2*0.0182 sec
2*0.00667 sec

2%21. volts

2*(.15 ft-1b

2%67.6

80.°, 109.°

2* 10. °/sec.

0., 0.°
0., 0.°



Name

TAUWNG
TAU1
TAU2N
TAU2D
TAU3N
TAU3D
TAU3NP
TAU3DP
TAUS
STG2
STG3
STG5
STKT
STKM
STKV
STKR
STAL
STTF
JINRTE
JINRTA

PSD
STBIAS(4)

ETAP
ETAR
GHRZ
TAUHRZ

DELW(3)

MDNOM(3)

MDX(6)
MDY(6)
MDZ(6)
PHASEX(6)
PHASEY(6)
PHASEZ(6)
FREQ(6)

Symbol Description

TWNG

Ky Star Tracker parameters,
K3 Appendix D.

} Noise characteristics

Nr Horizon Sensor parameters,
Gy Appendix D

LW Rate sensor bias

A

A Disturbance torque
A parameters, Eqns.
21 (A-12) of the RFP
Byi Baseline

B

B

Value

0.025 sec

0.016 sec

1.1 sec

168. sec

100. sec

5.3 sec

0.05 sec

2. secC

0.016 sec

4. sec

248. sec

3.8 sec

578. v/rad
0.754 in. -o0z. /v
1. v/rad/sec
0.8 v/rad/sec
20. volts

3.8 in.oz.

5.32 in. oz-sec?
9. 33 in. oz-sec?

420. 5 (mv)2/cps
4*0. volts

0.00064 rad
0.00064 rad
1.008

0.06 sec

3*0. 00525 rad/hr.

3*%0. ft.-lb.

6*0. ft.-lb.
6%0. ft.-lb.
6*0. ft.-lb.
6*0. deg.
6*0. deg.
6*0. deg.

6*0. rad/sec.




Name

QMASS
PMO(3)
VMO
AMO(3)

R(3)
OMGAMM(3)

DTEST

DTMIN

-

EMIN

NDOUBL

OMGABO(3)
BETADO(3)
ALPHDO(3)
BETA0(3)
ALPHA0(3)
PHIO
THETA0
PSIO
TLDBO(3)
TLDAO(3)
EMBO(3)
EMAO(3)
EFB0(3)
EFA0(3)

Symbol

Q

X0» Yos Zo
X0» Yo Zo
Kor o o
Ry,Rs,Rg
{15 Q2,05

T gig
Taio

'
®mgi

'
emaio
®1gig

'
Cfaig

Description

Moving Mass parameters,
Egns. (A-5) through (A-9)

of RFP Baseline

Step size estimate for integra-

tion routine

Minimum allowable integration

step size

Integrator error bound

multipliers;

if all integrators errors
<EMIN*Uj; step size

double command.

if any integrators error
2EMAX*Uj; halve step

size

Number of double commands
before step size is doubled

Vehicle body rates
Inner gimbal rates
Outer gimbal rates
Inner gimbal angles

Outer gimbal angles

Euler angles

CMG gimbal servo

variables

4-7

State
Vector
Initial
Condi-
tions

AN

Value

0. slugs
3*0. ft.
3*%0. ft/sec.
3%0. ft/sec?
3*%0. ft.

3*0. rad/sec.

0.0015625 sec.

1076 sec.

0.01

. °/sec
. °/sec

. °/sec

3%0. ft-1b
3%0. ft-1b
3*0.
3*0.
3*0.

volts
volts
volts

3*0. volts




Name

HEXT0(3)

ENRGBO(3)
ENRGAO(3)

HORIZ0(2)

NOISEO(4)
STV10(4)
STV 20(4)
STV30(4)
STV3P0(4)
STV 50(4)
SQTI0(4)
QTBO(4)

U(79)

NOINT(79)

0o’ -0

nviy
Alig
A2i
A3y
xéi()
As5ig
A6
e{o, €3y >
af,. o4,

Description

Momentum due to external
torques

Mechanical output energy
of CMG gimbals

Horizon sensor outputs

Star tracker variables

Integration error bounds.
One to one correspondence
with state vector. See state
vector initial conditions for
units. Note: if Uj =0, then
the ith integrator is not con-
sidered for step size adjust-
ment.

Integration control, normally
NOINT(I) = 0. If NOINT(I) =1
state variable is frozen

the ith
at its initial value.

3%0

9%0
9%0

3*0.
3*0.

2%0.

4%0.
4%0.
4%0.
4%0,
4*0,
4%(Q.
4%0.
4%0.

Value

. ft-lb-sec

Ib-ft
1b-ft

volts
volts
volts
volts
volts
volts

°/sec

.01
. 001

12*20.

6*0.

02

9%0.

2%0.

01

4%0.

4%0
4*0

4*0.

.001
.005
5

4*10

4%0
4*0
4%0

.005
.05
. 005

79%0.




Name Symbol

NBOUT(16)

NBIN(25)

TEVENT(15)

Description

Number of bits carried in the
output conversion of the 16
control computer output vari-
ables. See Table 4-2.

Number of bits carried in the
input conversion of the first
25 control computer input
variables. See Table 4-1.

The time during a control com-
puter comp cycle when each of
the first 15 input variables are
sampled.

0 < TEVENT() < TCYCLE

Note:
Ideal case (no delay) when
TEVENT(I) = TCYCLE

Worst case (on period de-
lay) when TEVENT(I) = 0.

See Table 4-1.

16*15

256*15

15%0.1

Value




Table 4-1. Control Computer Input Variables

Array
Order Variable Source

[
g

Rate Gyros

% Star Trackers

© o =N o G o W N
[
~

Horizon Sensors > TEVENT (15)

Mo e
O =)

CMG Gimbals 5 NBIT (25)

i
W

15
16
17
18
19
20
21
22
23
24
25

Control Panel
or Stick

CMQG Spin Tachs
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Table 4-2. Control Computer Output Variables

NBIT (16) Variables Use
1 Blc
2 820
3 B 3¢
> CMG Commands
4 o 1o
5 o 2%
6 0t3c ]
7 Ac - Experiment one telescope command
(Earth Mapping)
8 ¢’ ]
9 e’
10 o’
11 ex
12 ey > Control Panel Display
13 €
Z
7
14 w Xc
15 o
yc
16
ZC —
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$COMAND - This NAMELIST supplies data to subroutine MANUAL.

Name Value
PHIC(4) 0.,0.,0.1,0. deg. or deg. /sec.
THETAC4) 0.,0.1, 0.1, 0. deg. or deg./sec.
PSIC(4) 0.1, 0.1, 0.1, 0. deg. or deg. /sec.
TMANUV(4) 0., 0., 0., 0. sec.
TSTART(4) -1., 6., 12., 18. sec.

This data can be used in Modes 6 or 7. Otherwise it is ignored. Whenever t
exceeds TSTART(]) a command and insert are initiated. If in Mode 6;

PHIC(])
6, |=| THETAC(H
0, P SIC(])

and t = TMANUV(I)
man

If in Mode 7;
e PHIC(I)
6, | | THETACE
¥ PSIC(])

$COSTK - This NAMELIST supplies data to subroutine COST, the cost function
used with the iterative control law. The data supplied is

CFK(3) 0.016, 1., 1.
and is used in this function

COST=CFK(1)* {|d| + CFK (2)*|f | + CFK (3)*|Hd B cosB|}
Output Data

A block of output data is printed at the specified print intervals. The following
is a model format showing the labels as printed and an X for data item.
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T=X ,W=X ,E=X ,HTEST=X X X, TGAIN=X X , ITER=X

BDC X X X L ADC X X X ,WERR X X X
BD X X X ,LAD X X X ,W X X X
B X X X VA X X X ,WOoB X X X
ATDC X X X L ATC X X X LEPOB X X X
ATD X X X L AT X X X LATOB X X X
™ X X X ,TCP X X X ,IGM X X X
TET X X X ,JEX X X X ,TCTL X X X
P X X X ,ZW X X X ,WD X X X
OBPE X X X ,0BVE X X X LHRZERR,P=X,R=X

STAR TRACKER ERR, DELE] = X, DELE2=X, DELA1=X, DELA2=X, TEL AZ COM=X

Where

T = time (sec.)

w = weight of reaction jet fuel consumed (pounds)

E = actual output power of CMG torquers (watts)

HTEST = components of the angular momentum test (ft. -1b. -sec.)

TGAIN = The projections of TGIM on and normal to TCP, normalized by
| TCP|. - o

ITER = the number of iterations taken in the last execution of the
iterative control law

BDC = Bci (°/sec.)

ADC = chi (©/sec.)

WERR = components of w,mw (°/sec.)

BD = Bi (°/sec.)

AD = di (°/sec.)

W = w (°/sec.)

ATDC = é)cf, bc" 12)0., (°/sec.) .

See figure 3-11

ATC =8, 8,0 e (9)

EPOB =¢’ (9

ATD = QS, 8, ¥ (°/sec.)

AT =¢, 6, y(9)
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ATOB =¢’, 8, v’ (°)

TC =T, (. -Ib.)
TCP =_’I_‘c (ft. -1b.)
TGIM = theoretical torque produced as a result of aic’ B i only (ft. -1b.)
TJET = reaction jet torques (ft. -1b.)
TEX = disturbance torques, external plus moving mass (ft. -1b.)
TCTL = theoretical torque produced as a result of dic’ Bic’ w.. (ft. -1b.)
P =p (ft.)
A = p (ft. /sec.)
WD =w (°/sec. 2)
OBPE =p'-p (ft.)
OBVE =p’-p (ft /sec.)
P = Py (°)
R =R, (%)
= - o
DELE1 e;-e (%)
= - e’ )
DELE2 ez e 9 (9)
= - 7 (o]
DELA 1 al a 1 (%)
= -3’ o
DELA 2 a,-a, ()
TELAZCOM = Ac

At the end of each run, a summary is printed out. The data items are iden-
tified on the output as:

Peak torquer output power (watts)

Average torquer output power (watts)
Theoretical average torquer output power (watts)
Jet Fuel (pounds)

Number of integration steps taken and the values of first 300 of
these (sec.).
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i Appendix A

RIGID BODY EQUATIONS OF MOTION

The equations in this appendix yield the accelerations ":’i s 51 s bli. Many are
cyclic and are programmed in DO loops. A group of three equations is cyclic when
the second (or third) equation is produced by cycling all subscripts of the first (or

second) equation in the following manner:

X =Yy
y—)

N

X
- 2
3
1

W N RN
!

All ajj not listed are equal to zero. (i =1, 9; i =1,9)

(A-1) - (A-2) - (A-3)

d .

&k =B (A-1)
d .

a Bz = By (A-2)
d .

atBs = By (A-3)

(A-4) > (A-5) - (A-6)

at% T (A=4)
d .
at% T % -9
d .
a% T % (A-6)



(A-T7) = (A-8) - (A-9)

! = -—
x1 chosal W

r - _ ;
Wyg = wWyCOSQ, ~ wy Siia,

! - - :
73 wz COS(X3 wY sma3

w z Sy
w

(A-10) - (A-11) - (A-12)

Wi T ¥y "%
. )
“’zz wZ * ot2
' _ .
Weg = Wx T O3
(A-13) ~ (A-14) - (A-15)
' _ ¥
Wi = wysing + w, cose
Yi — -
Weo = Wy SiNE, + wycosa,
w!. = w,_sing. + w. coso

y3 7z 3 Y 3
(A-16) - (A-1T) - (A-18)

I P
Wy = Wy COSB; * wyysingy

Y 1
wyz wyz cosﬁ2 + c;.)zzsmﬁ2

'4 + 1 :
w3 “3 cosﬁs “i3 SmB3

(A-19) - (A-20) - (A-21)

— I
Wy T Wy 608 - wy,sing;

4 4 s
W, 5 u.azzcosﬁ2 wyz smﬁ2

= ! T
Wyg = WygC0SBy - w gsingy

(A-22) - (A-23) - (A-24)
p=—4 ' 3
wzl wzl * Bl
'

“’xz - wx2 + BZ

— ' 3
Wyg = Wog + By

(A-T)
(A-8)

(A-9)

(A-10)
(A-11)

(A-12)

(A-13)
(A-14)

(A-15)

(A-16)
(A-17)

(A-18)

(A-19)
(A-20)

(A-21)

(A-22)
(A-23)

(A-24)




44 Cb + B +d ﬁ ﬁ
2 Listed for completeness only. These
C, + B +d G

66 b mg ﬁ are constant and are computed at ini-
tialization only.

a

I

a

agg = Cp T Byt I mﬁﬁ

(A-25) ~ (A-26) - (A-27)

- 2 in2 2
a,, =L + [Aa + (Ab+Ag) cos“B, + (Bb+Bg) sin“g, ] cos“ay

+B +J ﬁ)(sinza +cos2a
g m

+(Ca+C 1 2)

b
(A-25)

+ [Aa + (Ab+Ag) cos2 B ot (Bb+Bg) sin2ﬁ2] sin2a2

in2 2
+ Jma + Ba + (Ab+Ag) sin 133 + (Bb+Bg) cos“pB

= in2 2
259 Iyy +B_+ o * (Ab+Ag) sin”g, + (Bb+Bg) cos“f

2 2
+(Ca+ Cb+Bg+Jmﬂ) (sin a2+cos a3)

(A-26)
+[A + (Ab+Ag) cos ﬁz + (B +Bg) sin? ] cosZq

2

+ [Aa + (Ab+Ag) coszﬁ3 + (Bb+Bg) sinzﬁ3 ] sinzoz3

+B +J ) (cosza

b g mB
+ (A_b+Ag) sin2 g ot (Bb+Bg) cos? B,

a =1 +B +J +(C_+C
a mg a

i
+
33~ zz sin®a)

1

(A-27)
+LA, + (A FA) coszpl +(B+B ) sin®g ] sinzal

2 .
+ [Aa + (A_b+Ag) cos 33 + (Bb+Bg) s1n233 ] cos2a3



(A-28) - (A-29) - (A-30)

a, = _Ixy_ (Ab + Ag - Bb - Bg) (sina, smﬁ3 cos B, - cosa, sinfB, cos ﬁl)
- - 2g - in2 -
+ [Ca Aa + Cb + Bg + JmB (A.b+Ag) cos 32 (Bb+Bg) sin“B,] (A-28)
sinoz2 cosa,
8o = —Iyz- (Ab + Ag - Bb - Bg) (sing, sing, cos ﬁl - cosa, smﬁ2 cosﬁz)
- - 20 _  qin2 -
+ [Ca Aa + Cb + Bg + Jmp (Ab+Ag) cos 53 (Bb+Bg) sin 33] (A-29)
sinq, cosa,
8a1 7 —sz- (Ab + Ag - Bb - Bg) (smc)z2 sinﬁ2 cosﬁ2 - cosag smﬁ3 cosﬁs)

+[C - A, +C B +T g~ (Apta) coszﬁl - (B,+B) sinzplj (A-30)

sing., cos
o, cosay

(A-31) - (A-32) —~ (A-33)

%21 7 %12 (851
232 T %53 (A-32)
313 T %3 (A-33)
a, = (€, +Bg+J mg ﬁ) sine, (A-34)
a15 = (A.b + Ag - Bb - Bg) cosa, sinpl cosﬁ1 (A-35)
a, = (C +B +Jm,8 B) cosa, (A-36)
a7 = ~ (A, ¥A,-B; -B,) sina,sing, cosp, (A-37)
319 = Byt I 08yt (A sin®g, + (B, +B p cos®g, (A-38)




a5 = B +J mozGa + (Ab+Ag) sinzﬁ1 + (Bb+Bg) coszﬁ1

326 = (C +B +d mg ﬁ) smoz

ayn = (Ab + Ag - Bb - Bg) cosoz2 sinﬁzcosﬁ2

a28 = (C +B +J m g ﬁ) cosa

8y9 = - (A.b+Ag-Bb-Bg) sina, sin3300$33

agy = (Cb+B mg ﬁ) cosQ

Bge = - (Ab + Ag - Bb - Bg) sithl sinplcosﬁ1

Agn = Ba + JmaGa + (Ab+Ag) sin? Bo + (Bb+Bg) cos?B

338 = (C + B +Jm,8 ﬁ) sma

3ag = (Ab + Ag - Bb - Bg) cosa, sinp3 cos 33

ac. = B +JmaGi +(AHA) sin?g, + (B, +B » cos’B,

8,0 = B, +JmaGi +(AyHA) sin? By + (BB cos? g,

a99 = Ba + JmaGc-Jzz + (Ab+Ag) sin‘?‘ﬁ3 + (Bb+Bg) coszﬁ3

(A-52) - (A-53) - (A-54)

Abl = - {— (wy+Gadl)w;1Jmacosa +(w Bﬁl)w 1Jmﬁ cosa
+ [lemﬁ + (wy+Gadl) Jma]wxlsma +(wz+Gao'z2) w}zsz
.+ [dszﬁ+ (wz+Ga&2) Jmoz'-l “’;2 cosa

- (w;3 + GBB3) wlZ3Jmﬁ}

(A-39)

(A-40)

(A-41)

(A-42)

(A-43)

(A-44)

(A-45)

(A-46)

(A-47)

(A-48)

(A-49)

(A-50)

(A-51)

sing

2

Gﬁﬁz) “’zz mﬁ

(A-52)
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+(wy b Gaa 3) Jma] W, 4 COSQ }

A ! i _ ’ 2 ‘ ;
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1 "mpg

- ) by / '
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LG
+(wy Gaal)
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+ [oz3 J .+ (wx + Gaoz3) Jma] W s smaS}

mp
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2

] ot , ’
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(A-58) ~ (A-59) = (A-60)

Mgy = Toy - Teq S8R (dl) (A-58)

Maz = Ta2 - Tca sgn (ézz) (A-59)

Mg =T 5" T, o 588 (c'xs) (A-60)
(A-61) » (A-62) - (A-63)

Mg = Ty - T g SEB (31) | (A-61)

MBz =T g T, g & (52) (A-62)

Mgy = Ty~ Tog sEm (33) (A-63)

(A-64) - (A-65) - (A-66)

Right hand side cycles
LHS increments by 2

b, = MB1 - (Cb+Bg+JmBGB) “’;;16‘1 + wyy Q Ag + (Ab+Ag—Bb-Bg) Wy1 %1 (A-64)

be = Mﬁ2 - (Cb+Bg+JmBGp) w};zdz tw g QzAg + (Ab+Ag-Bb-Bg) W9 Wy (A-65)

by = MI33 - (Cb+Bg+JmBGﬁ) w;3(13 +w 4 Qg Ag + (Ab+Ag—Bb—Bg) WaoWw,a (A-66)
(A-67) - (A—eg) - (A-69)

R.H.S. cycles, L.H.S. increments by 2

'
M +(wz1+G

ol " Hy simgy

8PV “x19mg
+(Ay*A,) [sing, cospw)) o) + sing; w B, - Sing, cosh, (w +én) B, ]

bs = + (Bb+Bg) cosg, [- sinﬁlwz’ldl +cos B w}ilél +sing, (wy+éc1) él ] (A-67)
Bt n‘lAg cosﬁl " (Ca _Aa) w};l wzll

+ (B, - ing_ - -C, -
(B~ Cp) wyp @y SI0B) ~ (A +A,=C =B) cosfiw @y
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’ . ! N .
‘ Maa® @ep + GgBy) wyod g~ Hysing,
- . a 1 _ . ¥ - . :
(A'b+Ag) smﬁz G cosﬁzwxzaz smp2 wy2 32 + (wz+ az) ﬁz cosﬁz]
= - i \l A - \, o - \ e . .
b7 = (Bb+Bg) cosﬁz [smﬁzu,xzaz cosﬁzwyzﬁz (‘”zmz) 32 smﬁzj

I

T Yo Q2Ag cos ﬁ2 - (Aa-Ca) w;(Z ‘”yz
T By Cplugpw,pSinBy ~ Ay + A, - Cp =B wpw 5 c08 By
Mg+ @ig ™ Gﬁﬁz) w; g Iing ~ H, sing,
- (By*By) cosfy [sinfywiaby - cosBywys By - (w, + dg) By singy ]
by = + (A, +A ) sing, [cos B, w;3d3 +Sing, w !y By - (w +éy) By cOSB, ]
: " wygklg A CoSBs — (A, - C) wigw g

. * By, - Cp) wgw g Singy - (A + A - Cp =B w gw, g cos By

oo <a _M15%5 Y1626 Marfer am"“zs)
12

12 255 %66 A7 %99
. 14%34  15%35  Y17%31 219?39
13 "\ "3 ~ 2 T Ta T Ta Y

44 55 77 99

- A-11

(A-68)

(A-69)

(A-70)

(A-T1)

(A-T72)




2 .2 2,2 2
2o (% %25 26 21 28 ‘29
22 22 ags Bz Agp Bgg g9
ooy les%s  Pertsr Pag’ss | 20”39
23 23 g A7 g8 299
2 2 2 g2 2
N %3¢ %35 31 %38 a9
33 33 Ay A5 B, 8 By
a a a a
by = b - by - Elé bg - = bs _.;13 by - 512 by
44 55 66 77 99
. 395 396 Ao7 298 299
by = by mg— by - g g5 by - g by - g by
55 66 77 88 99
, a4 435 a37 238 339
by =by - g— Dby = 5= by -5 by - = by - — by
‘ © 44 55 77 88 99

Perform the indicated matrix inversion and multiplication to compute the body accelerations.

acclerations,
-1

. 7 ¥ 7 '
w a

X 11 %12 %13 b
. _ ’ ’ ' ’
“y 312 299 293 by
. ¥4 1 ' ¥4
wy 313 %93 33 by

B =by-a,w -a,b)a

(A-T73)

(A-T74)

(A-175)

(A-176)

(A-TT)

(A-T78)

(A-79)

(A-80)

(A-81)

(A-82)




B, = (by - a, @ = 8@ )2

A-13

o, =(b, -a , w -a wy—a37wz)/a77

(-Z- - b - a . - . - .
( o -a wy a39wz)/a99

(A-83)

(A-84)

(A-85)
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Appendix B

VEHICLE ATTITUDE EQUATIONS

Euler angles that transform the inertial frame
XB

y1 | to the vehicle frame| yg | are:

21

1.
2,
3.

ZB

Y about z;
8 about yI' (new y,)

¢ about XB'

The Euler rates can be expressed as

¢

6

)

w +[w cosP+w sin @] tand
X z y

w cosP-w sin@

y Z

lw cos ¢ +w sin ¢1/cos B
Z y

The elements of the direction cosine matrix,

‘ P11 M2 Mp3

i m21 m,, m23 , (body to inertial) are:

1 M31 M32 Ma3

) m,, = cos Y cos 6
m,, = cos Y sin 6 sin ¢ - sin § cos ¢
m,, = cos j sin 8 cos ¢ + sin ¢ sin ¢
m, = sin Ycos 8
m,, = sin  sin 6 sin ¢ + cos Ycos ¢
m,. = sin § sin 8 cos ¢ - cos Ysin ¢
m,, = ~sin 0
m,, = Cos 0 sin ¢
m,. = cos 0 cos ¢
- B-1

(B-1)
(B-2)

(B-3)

(B-4)




Appendix C

CMG GIMBAL EQUATIONS

Figure C-1 is a diagram of the number one CMG's outer gimbal servo loop, In-
spection of this diagram leads to equations (C-1) through (C-5):

. == (GK & -e/ ) (C-1)
fod TD o o 20 i foi
‘s _ 1 s ’ '
*Mai ~ T, l:Koz(KSFoz&ic TNa ®oi ~ ©fad! eMozi:| (C-2)
' '
<
S ®Mai’ leMail ®La
= > -
®Mai ? °La ’ ®Mai” CLa (C-3)
- < -
Lo’ ®Mai " CLa
G K
. 1 o« Toa
T . = €. .-G K. &)-T (C-4)
ol TMa |: RMa Moi o Boa'i oi
Mui = Toi = Thoi (C-9)

For inner loop equations, replace &, & with léic’ B and replace the subscripts
(o) with subscripts (8).

To compute Tfozi for equation (C-5) use the logic of figure 2-4 where:

J  is replaced with g; +3, 2143
T is replaced with T

c co
w is replaced with dzi

Ta is replaced with Tai - Hiﬁi cos Bi

C-1



For the corresponding Tf Bi

J  is replaced with a21+2, %49
Tc is replaced with ’I.‘c 8
w  is replaced with Bi

- - + b4
T, is replaced with T Bi Hiai cos Bi
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Appendix D

SENSOR EQUATIONS

Star Trackers

This section lists the equations describing a star tracker servo loop conforming
to the model supplied in the CMG RFP L-7035.

Equations (D-1) through (D-4) are dependent on sensor mounting and are presented
in pairs, The suffix (a) denotes experiment two configuration (Inertial Mode) and
suffix (b) represents the experiment three mounting scheme (Horizon Spectrometry).

1

we (o)
0

we (o)

PN
u = (cos a') (D-2a)

u (D-2b)

il
1 1
2 8
=]
o /]
o
~ ~
S———

Note that in the case of ue2 of Equation (D~2a) the gimbal angle aé is approximated
with the boresight angle ag, since the azimuth channel of the #2 star tracker is not
simulated, as specified in the RFP.

The boresight angles are:

-8,
a = tan™ (—Xl ) (D-3a)
Siz
-1 (75
a. = tan ( X) (D-3b)
1 S,
iy




(D-4a)

'_‘('D
n

w
5
o
o

o
n
]
12
g-
1
w
S’

(D-4b)

Identification of:

(a - a') cos e

m
il

a
!
€ =e-~-e€
e
1
G (s) =
n TWNGS+1
1
Gl(s) - T, 8+1
T,5+1)
2N
G.,(8) = K, —m/m//m—
2 2 (TzDs+1)
]
6o = (TSNS+1) (TSNS+1)
- 4
3 3 (T3Ds+1) (T3Ds+1)
G4(s)= 1
K
_ 5
Gg(s) = T s +1

in conjunction with the block diagram from the RFP leads to Figure D-1. The following
equations can be written from inspection of this diagram

1

., = (N, -n_ ) (D-5)
Va TWNG Va Va
5& = -—-1 K - D-6
la T1 ( T 1a) (D-6)
A, =—4 [K O, =n_)-x_] (D-7)
2a T 27 1a Va 2a
2D
A = — [K. Q0 ) ]
3a T 3 A T Tanroa ~250) ~ Ag, (D-8)

3D
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A =—:1—(x T W

3a T3D 3a 3N 3a

7 AN/
= +
>\4a x3a TSNXSa

<
>‘4a’ l>‘4a| AL
']
= >
>\4a AL ! >\421 AL
- < -
AL i >‘4a AL
57 = -
a x6a @ -a
A =1 KEK.a -)x)
5a T r 5 5a
=

where T a is computed using the logic of Figure 2-4 with:

f
J =J
a
Tcszst
o 7
w =42

=K 7 _K-I
a m0\4a va)

1 ’ .
6a K [Kmo‘éla- Kya) - Tfa]

(D-9)

(D-10)

(D-11)

(D-12)

(D-13)

(D-14)

(D-15)

For the elevation axis equations replace a’ with &’ and replace the subscripts ()

with subscripts (e) in equations (D-5) through (D-15).

Horizon Sensor Equations

The first order equations for the horizon sensor lag are:

p =1 -
R

.1
R N (GyR, - R)

(D-16)




and the error model

P'=P + n l
, (D-17)
R =R + nr S
Body Rate Sensors
The rate gyro error model is
w'=w+ AW (D-18)



Appendix E

VARIABLE NAME LISTS

All significant program variables are placed in common blocks. Since these
variables may appear in various routines with different names, the following break-
down by common block defines the most applicable variable names.

Variables associated with the control computer have their assumed maximum
values listed.

Table E-1 is a matrix defining data linkage.
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/N1dang/
/ONVLVY/
/ONISY/
/SOONIS/
/OTdIN/
/so0dI1a/
/AVN/
/LOAAL/
/rvsaa/
/€1INOD/
/2 TLNOD/
/TTINOD/
/L9SAON/
/ASAXA/
/AZdXA/
/ATAXTA/
/LNOXIA/
/INVOD/
/NIX 14/
/TIOSIN/
/0S10T1d/
/9aTVOS/
/TVOSdN/
/IAON/
/Ls1a/
/90SNES/
/1N00Td/
/NILOTI/
/INOOOI/
/S1SNOD/
/VLVAAd/
Jaamod/
/andYoL/
/OA¥ESD/
/Xaodd/
/OHXDD/
/dnoygsg/
/dnoyov/
/SALVH/
/OONIS/
/oa/
/AQX 34/
/AAAXNY/
JAXNY/

E-2




Location
1- 3
4- 6
7- 9
10 - 12
13 - 15
16
17
18
19 - 21
22 - 24
25 - 27
28 - 30
31 - 33
34 - 36
37 - 39
40 - 42
42 - 45
46 - 47
48 - 51
52 - 55
56 - 59
60 - 63
64 - 67
68 - 71
72 - 75
76 - 79

/RKYV/, Environment State Vector

Variable Name

OMEGAB(3)
BETAD(3)
ALPHAD(3)
BETA(3)
ALPHA(3)
PHI
THETA
PSI
TLOADB(3)
TLOADA (3)
EMB(3)
EMA(3)
EFB(3)
EFA(3)
HEXT(3)

ENRGYB(3)
ENERGYA(3)

HORIZ(2)

NOISE (4)
STV1(4)
STV2(4)
STV3(4)
STV3P(4)
STV5(4)
SQTI(4)
QTB(4)

Symbol

> R B g

—te

e ©® & R T LK

fari

Comments
Vehicle body rates
CMG inner gimbal rates
CMG outer gimbal rates
CMG inner gimbal angles
CMG outer gimbal angles

Vehicle Euler Angles

CMG gimbal servo state
variables

Inertial components of system
angular momentum due to ex-
ternal torques

Mechanical output energy
of the CMG gimbal servos

Ideal output of horizon sensor
dynamics

Star tracker servo state
variables



Location

1- 2

3- 4
5 - 162

Location
1- 3
4- 6
7- 9
10 - 12
13 - 15
16
17
18
19 - 21
22 - 24
25 - 27
28 - 30
31-33
34 - 36
37 -39
40 - 42
43 - 45
46 - 47
48 - 51
52 - 55
56 - 59

60 - 63

/RKYVDB/, Double Precision State Vector

Variable Name Symbol

TSTOP

DBLT t
DSV(79)

Comments

End of integration interval
(double precision)

Time (double precision)

Double pfecision state vector

/RKYDV/, State Derivative Vector

Variable Name Symbol
OMGABD(3) @
BETADD(3) B
ALPHDD(3) &;
DRBETA(3) d/dt B
DRALPH(3) d/dto
PHID ?
THETAD 6
PSID o
TLDDB(3) ?bi
TLDDA(3) Ty
EMBDOT(3) ?mﬂi
EMADOT(3) imai
EFBDOT(3) € pi
EFADOT(3) €
HEXTD(3) Tgx
ENRGBD(3)

ENRGAD(3)

HORIZD(2) P,R
NOISED(4) By
STV 1D(4) Y U
STV 2D(4) -
STV 3D(4) X

E-4

Comments

Time derivatives of the state
vector variables. One to
one correspondence with
/RKYV/.




Location Variable Name Symbol Comments

64 - 67 STV 3PD(4) P

68 - 71 STV 5D(4) X5i

72 - 75 SQTID(4) Xgi

o/ . ol ol
76 - 79 QTBD(4) € e!z, i, d,
/RKC/, Integrator Controls
Location Variable Name Symbol Comments
1-179 U(79) U(I) is the upper bound of the

local truncation error for the
ith element of the state vector.

80 - 158 UMIN(79) UMIN(I) is the lower bound of
the local truncation error for
the ith element of the state
vector.

159 DTMIN Minimum allowable integrator
step size.

160 DTEST Desired integrator step size.

161 DELTAT Actual integrator step size.

162 NDOUBL Number of double commands
before doubling step size.

163 NINT Size of state vector.

164 T t Time

165 TRETRN Integration interval

166 - 244 NOINT(79) Freeze control

/SINCO/, Trigonometric Functions

Location Variable Name Symbol Comments
1- 3 SINB(3) sin Bi
4- 6 SINA(3) sin ai
7 SINPHI sin ¢
8 SINTHE sin 0
9 SINPSI sin ¥
10 - 12 COSB(3) cos Bi
13-15 COSA(3) cos Qi



Location
16
17
18
19 - 21
22 - 24
25 - 27
28 - 30
31 -39
Location
1- 9
10 - 18
19 - 21
22 - 24
Location
1-81
82 - 90
91 - 99
100
101 - 103
104 - 106
107 - 109
110 - 112
Location
1-57
58 - 66
67 - 75

Variable Name

COSPHI
COSTHE
COSPSI
SINBSQ(3)
SINASQ(3)
COSBSQ(3)
COSASQ(3)
DIRCO(3, 3)

Variable Name
OMEGA(3, 3)
OMEGAP(3, 3)

OMGASQ(3)
OMGAXP(3)

Variable Name
A(9, 9)

AP(3, 3)
APINV(3, 3)
DETAP

DIFIXB(3)
AAXB(3)
XBSQ(3)
BAXB(3)

Variable Name

BAUX(57)
BSMALL(9)
BLARGE(9)

Symbol

cos ¢

cosg

cos ¥
sinzﬁi

sinzai

cos?B;

cos2a

[mij]

Wy

’

/RATES/

Symbol
i» wyi’ Wai
w’., w/!

xi» Tyi* Tz

/AGROUP/

Symbol

[aij]

Ca;]

[afj) ~t
det [ajj]

/BGROUP/

bi

Symbol

Comments

Comments

auxiliary variables

Comments

auxiliary variables

Comments

auxiliary variables

auxiliary variables




Location Variable Name Symbol Comments

4

76 - 84 BPRIME(9) by

/CGYRO/
Location Variable Name Symbol Comments
1 AA Ay
2 BA By
3 CA Ca
4 AB Ap
5 BB Bp CMG Inertias
6 CB Cy
7 AG Ag
8 BG Bg
9 JMBETA JmB
10 JMALPH Ima
11 - 30 Auxiliary constants
31 -33 AGOMGO(3) H;@t=0
34 - 36 AGOMGD(3) Hj )
37 AGOMGM Hpmax CMG spin momenta
38 HNOM Hpom 5
/CBODY/
Location Variable Name Symbol Comments
1 XX Ik
2 | IYY Iyy
3 1ZZ Izz
4 IXY Ly Vehicle inertias
5 IYZ Iyy
6 XZ Ixz



Location
7
8
9

10

11

12

13

14

15

16

17

18

19 - 21

Location

10
11
12
13
14
15
16

Variable Name

IXXO
IYYO
1ZZO
IXYO
IYZO
IXZO
IXXD
IYYD
1ZZD
IXYD
IYZD
IXZD
ITERM(3)

Variable Name

BINPUT(3)

AINPUT(3)

K2BETA
K2ALPH
TAUDBE
TAUDAL
KBETA
KALPH
KSFBE
KSFAL
TAUNBE
TAUNAL

Symbol

/CSERVO/

Symbol

K2B
Koa
Tpd
T Do
Kg

KsFB
Ksra

Comments

Initial vehicle inertias

Time derivatives of
vehicle inertias

Auxiliary variables

Comments
CMG inner gimbal
servo inputs

CMG inner gimbal
servo inputs




Location

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

Location

1- 3
4- 6
7- 9
10 - 12
13 - 15

16 -~ 18

19 - 21
22

Variable Name

TAUBE
TAUAL
ELIMBE
ELIMAL
KTBE
KTAL
KBBETA
KBALPH
TAUMBE
TAUMAL
TFBETA
TFALPH
BLIMIT
ALIMIT
GRBETA
GRALPH

Variable Name

MJET(3)
MTOT(3)
MB(3)
MA(3)
MAGJET(3)

FUEL(3)

FLOWRT(3)
FUELT

Symbol

T8

°L8
ern
K18
KTa
Kp8
KBa
TM8
Moy
TeB
Too
Brm

o1 1M

Gg
Ga

/TORQUE/

Symbol

Myi

Mgi
Mo i

Comments

Comments

Total external torques

Reaction jet torque
capability

Reaction jet fuel con-~
sumed

Reaction jet fuel rate

Total jet fuel consumed



Location
1~ 3
4 - 6
7 - 306

307

Location
1- 3
4 - 6
7- 9

10 - 12

13

14

15

16

17 - 19

20

21

22 - 25

26 - 28

Variable Name

PMAXB(3)

PMAXA(3)

DTLIST(300)

KDT

Variable Name
POS(3)
VEL(3)
POSO(3)
VELO(3)
ECCENT
ENOW
MEANA
MEANAO
FVECT(3)
CETAO
SETAO
PVCON(4)

PTARGT(3)

/POWER/

Symbol Comments

Peak mechanical power
output of B gimbal servo

Peak mechanical power
output of &; gimbal servo

First 300 integrator
time steps

Number of integrator steps

/PVDATA/
Symbol Comments
R
°
Auxiliary variables for
Kepler orbit algorithm
Ro

E-10




Location

- 15

16
17 - 26
27

Location

1-15
16 - 30
31 - 45
46 ~ 60
61
62
63 - 77
78
79
80
81
82
83
84

Variable Name

RTODEG
DEGTOR
RE

MU

PIE
WO(10)

VEO
FIXWO(10)
WEARTH

Variable Name
ZREAL(15)
NUMBER(15)

NORDER(15)
TEVENT(15)
TMATCH
NEVENT
EVENTT(15)
TCYCLE
NCOST1
NMAN1
NPRINT
NPRCTL
TEND
LNECNT

/CONSTS/

Symbol
180/m
/180

3 H

Ex

/IOCONT/
Symbol

END

E-11

Comments

WO(N) = nth power of angular
rate of a circular orbit of
radius Re

= Reup
Scaled version of WO(10)

Earth's rate

Comments

A/D delay control
variabies

Fast loop cycle time

First pass indicator (COST)

First pass indicator (MANUAL)

Print controls

Run duration

Printer carriage control



Location

1-3
4-5
6 -7
8
9
10 - 12
13 - 15
16 - 18
19 - 21
22
23-25
26
27
28
29
30
31
32 - 34
35 = 37

Location

1-3

4 -6

7

8 -~10
11 - 13
14 - 16
17 - 19

/FLOTIN/, Control Computer Input as Supplied by Environment

Variable Name

w(3)

E(2)

A(2)

PH

RH
BETA(3)
ALPHA(3)
EDOTC(3)
EC(3)

T™
HCL(3)
MODE
RATEFB
UPDATE
NGAIN
LAW
MODCOM
LIMIG(3)
LIMOG(3)

Variable Name
BETADC(3)
ALPHDC(3)
TELAZC
EULER(3)
EPSLON(3)
OMGABC(3)
JET(3)

Symbol Comments

@
4 /

ef, €

al, aj These variables are delayed
1

pr as specified in data cards.

R/

8

%
bo> Q> Ve
¢ & de

man

B B B Eg7

B

u
G
my
m

w
Ligi
Logi

/FLOOUT/, Control Computer Output as Used by Environment

Symbol Comments

€ ’i For display only

E-12




Location

1-2
3-4
5

© oo =N O

10
11
12
13
14
15
16
17
18
19
20
21
22 - 25
26 - 27
28
29
30 - 32
33 - 36
37

Variable Name

ESTAR(2)
ASTAR(2)
TAUWNG
TAU1
TAU2N
TAU2D
TAU3N
TAU3D
TAU3NP
TAU3DP
TAUS
STKT
STG2
STG3
STAL
STKM
STKV
STTF
STKR
JINRT(4)
ETA(Q2)
TAUHRZ
GHORIZ
DELW(3)
STBIAS (4)
STSIG

/SENSOR/

Symbol
E
A

WNG
1

N
72D

T3D

E~13

Comments

Star tracker
variables

Horizon sensor bias

Horizon sensor time

constant

Horizon sensor gain

Rate gyro bias

Mean value } star track-
Standard deviation) er noise



Location Variable Name

38 - 39 SXI(2)

40 - 41 SYI(2)

42 - 43 SZ1(2)

44 - 45 SX(2)

46 - 47 SY(2)

48 - 49 SZ(2)

50 - 51 ELBORE(2)

52 - 53 AZBORE (2)

54 - 57 QST(4)

58 - 61 WNG(4)

62 - 63 HRZACT(2)

Location Variable Name
1-3 MDIST(3)
4-6 MDNOM(3)
7-24 SPHASE(3, 6)

25 - 42 CPHASE(3, 6)

43 - 48 SFREQ(6)

49 - 54 CFREQ(6)

55 - 72 MDAMP(3, 6)

73 - 81 FREQ(6)

79 - 81 TQEMM(3)

/DIST/

Symbol
M ,M ,M
X’y z
A ,A LA
x0’ 'yo'  zo
sin Bij’ i=x,y,z
cos Bij’ i=x,y,z
sin wit
cos wit

Aij, i=x,y,2z

E-14

Comments

Star tracker
Variables

Star tracker image plane
errors.

White noise

Actual horizon errors.

Comments

External disturbance
torques

External disturbance
torque parameters

Torque due to moving
mass.




Location

1

2

3-5
6 -8
9-11
12 - 14
15 - 17
18 - 20
21 - 23
24 - 26
27 - 29
30 - 32
33 - 35
36 - 38
39 - 41

Location

©C oo =N o U B W N

=
(=]

Variable Name

QMASS
QMASS2
PMASS (3)
VMASS (3)
AMASS(3)
PMASSO(3)
VMASSO(3)
AMASSO(3)
R(3)
ROMGA (3)
ROMGAZ2(3)
OMGAMM(3)
HALFAM(3)
COSMM(3)
SINMM(3)

/MOVE/

Symbol Comments

2Q

X,y,Z

X,¥,2

X,z

%0*Y0? %o

)io’yo’ .Zo

X,¥ Z Moving mass parameters

0’Y0, 0

Ry

R,Q;
R.Q2.
1 1
Q.
1
Xo/2, yo/2, z0/2
cos Qit

sin Qit

/NPSCAL/, Integer Scaling Factors

Variable Name

NM7
NM6
NM5
NM4
NMs3
NM2
NM1
NPO
NP1
NP2

Symbol Comments

on="7
on-6
on=5
on-4
on=3
on-2
on-1
on
on+1
2n+2

E-15



Location Variable Name Symbol Comments

11 NP3 2n+3
12 NP4 on+4
13 NP5 oh+>
14 NP6 on+ 6
15 NP7 2n+7
16 NP8 on+8
17 NP9 an+9

/SCALER/, Integer Scaling Factors

Location Variable Name Symbol Comments
1 CSCALE 25-nh Since t; is adjustable, the
timizes the
9 6-nh program op
DSCALE 2 scale factors associated
3 ISCALE on-11 with it. The variable nh
7-nh is computed so that 2nh-1
4 LISCAL 2 <t <onh
5 MSCALE 211-n
6 NSCALE 212-n
7 PSCALE on-12
8 QSCALE 215-n The other factors here
involve decision scaling
9 2n_15 mvo
RSCALE (i.e., if n=14, RSCALE=
10 TSCALE 2n-14 0£21-15; hence QSCALE=
1 VSCALE 5 14-n 215715 is used instead).
/FLOTSC/, Floating Point Scaling Factors
Location Variable Name Symbol Comments
1 FLNM7 2,0-7
2 FLNM6 2, n-6
3 FLNM5 2,0-5
4 FLNM4 g 04
5 FLNM3 2,0-3

E-16




Location

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Location

1
2
3

Variable Name

FLNM2
FLNM1
FLNPO
FLNP1
FLNP2
FLNP3
FLNP4
FLNP5
FLNPS6
FLNP7
FLNPS
FLNP9
FLNM11
FLNM10
FLNMS
FLNP12
F2ZNM25
F2NM15
F2NM10
FL2NM2
FL2NM1
FL2NPO
FL2NP1

Variable Name

FS
DBLFS

Symbol

2 .n-2

2.n-l
2.0
2_n+1
2.n+2
2.n+3
2.n+4
2.n+5
2.n+6
9 n+7
2 nt+8
2.n+9
2.n-ll
2'n--10
2.n-8

9 n+12

9.2n-25
2.2n-15
2.2n~10
2.2n-2
2.2n-1
2,20
2.2n+1

/MISCEL/

Symbol

on_j
22n_

n

E-17

Comments

Comments



Location Variable Name Symbol Comments
4 NH nh
5 MDLAST myp
6 HALFFS on-1
/FIXIN/, Control Computer Input Vector
Location Variable Name Symbol Max. Value Comments
1-3 W) o 2o
4-5 E@Q) e’y, e’y 22
6-7 A2 a’y, a’y 22
8 PH P’ 2-1
9 RH R’ 2-1
2
10 - 12 BETA(3) 8’1 2
2
13 - 15 ALPHA(3) all 2
. p . _5
16 - 18  EDOTC(3) 9er 050 e 2
19-21 EC(3) dos B> o 22 ol 22
8
22 ™™ tman 2
4 11
23 - 25 HCL(3) H; 2
26 MODE m
27 RATEFB mpp
28 UPDATE my
29 NGAIN MG Discretes
30 LAW my,
31 MODCOM m
32 -3¢  LIMIG(3) Ligi
35 - 37 LIMOG(3) Logi

E-18




/QUANT/
! Location Variable Name Symbol Max. Value
1~25 NBIN(25) 2n-NRJj
26 -41 NBOUT(16) 2D-NBOj
»
42 NFXPNT
/FIXOUT/
Location Variable Name Symbol Max. Value
1-3  BDOTC(3) 8si 2-2
4 -6  ADOTC(3) Oei 2-2
7 AC Ao 20
| ) 8-10 ED(3) o'y 8% 92 ol o2
| 11-13 EP(3) ¢ 2-1
. - 5
14 - 16 WC(3) W 2
17 =19 NJET(3) Tyi
/EXP1/
Location Variable Name Symbol Max. Value
. 1 ACDBL A 20
*xC
2 ACDOT A, 22
-5
- 3 ADSAVE Acp 2
4 COSAC cos A, 20
5 COSWT cgsw,t 20
-13
6-8  OMEGA(3) Q'F1 2
9 - , -13
11 OMEGAEB) Q'pn 2
12 -14  RO(3) R, 225
F*
15 S S’ 223

) E-19

Comments

npyj = the number of
bits of A/D conversion of
the ith variable of /FIXIN/

Npo; = the number of bits
of D/A conversion of the
ith variable of /FIXOUT/

Fixed point indicator

Comments

Double precision

Discrete

Comments

DP

DP

= (0, we» 0)T
DP



Location Variable Name

Symbol

16 SDOT S’
17 SDUM
18 SINAC sin A,
19 SINWT sin:oet
20 SPRIME s’cos Ac
21 - 23 SREL(3) s’
%
24 SSQ g 2
sk
25 TANAC tanA
26 - 28 V(3) Vg
29 - 31  VC(3) v,
32 - 34 VDOUB(3) vy
E3
35 WE We
36 WE2 w2
*
37 WE3 w3
* e
38 WE4 w?
* €
Location Variable Name Symbol
1 DEL A ]
2 DELP A,
3 DEL1 A1
4 DEL2 A,
5 DEL3 A3
6 S1X S1XI
7 S2x Sox1 \

Max. Value

915

20

9=3

225
950
ol

915
915
215

2—13

=27

9-54

/EXP2/

Max, Value

E-20

Comments

Auxiliary variable

DP

DpP

DP

Dp
DbP
DP

DP

DP

Comments




Location Variable Name

Symbol Max. Value

8 S1Y Syt /
9 S2Y Sav1
10 S1Z 8171
11 S27 Saz1
12 U1X U'1x
13 U2X Ulox
14 U1Z U’y
15 U2Z Uy |
/EXP3V/
Location Variable Name Symbol Max. Value
1 ANGLE 7 22
2 COSDUM cos 1 20
3 COSL cos A\’ 20
4 COSLR cos A’y 20
5 COSTH cos L' 20
6 DELANG n At 22
7 DELX 8 X1 2-8
8 DELY 6'y1 2-8
9 DELZ 671 2-8
10 DBLPI T 22
11 ETADOT n 27"
12 KC 2-8
13 PREV &' sp 2-5
14 -16 PSP(3) p’ 225
17 R o’ 225
18 SINDUM sinn 20
19 SINL sin )’ 20

E-21

Comments

Comments

DP

DP

= ,003373



Location Variable Name Symbol Max. Value Comments
20 SINLR sin) ‘ 20
21 SIN2LR sin2) ‘g 20
22 SINTH sinL/ 20
23-24 SPX(2) St 20
25 - 26 SPY(2) S’y 20
27 -28 SPZ(2) S, 20
29 S1XG S1XG 20
30 S1ZG S17G 20
31 227G 897G 20
32 WBAR WAY 20
33 z ‘[_—p Zipi 2 2%
34 ZEXI Z' e 20
35 ZEYI Z' v 22
36 ZEZI Z /Gt 2
37 EPZDOT ¢, 2-5
/MOD567/
Location Variable Name Symbol Max. Value Comments
1-3 DELEQ) AP, AY, BY! 22,21 22
4-6  ECOM(@) 0'0:0'crp’e 25,212
7-9  EDCOM(3) $'087codl 270
10 TENDM tENDM 210
11-13  ECOMDEE) ¢, g'crdc 22,21,2>  pp
14 - 16 DELTAE(3) Auxiliary DELE(3)
17 MAX Auxiliary variable
18 MAXRT @ BMAX 2-9
19 TP t 210
20 NHHH 2nh Auxiliary Aty

E-22




/CONTL1/
Location Variable Name Symbol Max. Value Comments
e’ -1
1- 3 EPPREV(3) P 2 DP
13
4-33  GAING,5) Kei’ Mg 210} i=1,6 ; m = 1,5
34 - 63 GAINP(6,5) K ;» Mg 2
64 - 66 EPP(3) -§:I ‘ 2™l DP
11
67 HNOMP Hyom 2 \
68 - 73 KLCL(6) k, 2
1
74 - 76  MAGA(3) | 2, | p11
77 -79 MAGB(3) b, | o 11
80 - 82 MCA(3) Not currently used
83 -85 MCB(3) T, 28
86 - 88 TRQC(3) T, 28
89 - 91 TRQCP(3) T, 28
92 - 100 UNITVA(3,3) 2./ | a | 20 } 1st subscript=vector number
101 - 109 UNITVB(3,3) b,/ | b, i 20 2nd subscript=component no.
110 - 114 ZO(5) Zy G
/CONTL2/
Location Variable Name Symbol Max. Value Comments
1- 3 DELA(3) A& 272
4- 6 DELB(@3) A8, 2~
7~ 9 DOTI1(3) AT h, 28
— 11
10 - 12  DOT2(3) h -a. 2
-m 1 11
13 - 15 DOT3(3) h_ b, 2
—m —i
16 buM1 Auxiliary variables
17 DUM2
18 KSAVE K, 20
19 - 21  MAGASQ(3) |2, |2 222
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Location Variable Name Symbol Max. Value Comments

2 22
22 -24 MAGBSQ(3) | b, | 2
8
25 - 27 TREM(3) T, 2
8
28 - 30 TRQPRD(3) AT 20 1st sub = vector number
31 -39  UNITVH(3,3) Ei 2 2nd sub=component number
40 BHOLD ByoLp ) Floating point
41 BSELFD ﬁéELFD 2
. =2
42 BDOTDS Bns 2
43 MBMAX M A Discrete
/CONTL3/
Location Variable Name Symbol Max., Value Comments
0
1- 3 CGYRO(@3) CGi 2
0
4 - 6 COSTA(3) ai 2
0
7- 9 COSTB(3) Cp; 2
=2
10 RTEST 2 2} Auxiliary variables
11 RUSE 2
2 1
12 TDESSQ Igd | 216
13 - 15 TDOTA(3) Er '?:'i 28
16 - 18 TDOTB(3) Ir b, 28
2 16
19 TREMSQ Igr | 2
20 XKEND Kx 20
21 ITER iMAX Integers
22 NOITER
/DESAT/
Location Variable Name Symbol Max. Value Comments
1- 3 ERRLIM(3) €14 271
4- 6 JETCT(3)
7- 9 TJICNT(3) Auxiliary variables

10 - 12 GIMLIM(3)
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Location Variable Name

13 BDOTMX

14 ADOTMX

Location Variable Name
1 DELT
2 H
3-12 TIME(10)

13 NPASS

14 NSLOW

15 XNSLOW

Location Variable Name
1-10 F(10)

11 FDOT

12 - 21  FDUM(10)

22 FTOT

23 -~ 32 G(10)

33 GDOT

34 - 43 GDUM(10)

44 GTOT

45 - 47  P(3)

48 - 50 PO(3)

51 - 53 PDOT(3)

54 - 56 PDOTO(3)

Symbol Max. Value
. -2
Prm 2 )
élLIM 2
/TVECT/
Symbol Max. Value
*Ats 210
nh
eltf 2
t /n!
Dpass | }
"sLow
"sLow
/NAV/
Symbol Max. Value
f,
"
. -9
2
I
1
I ?
*8i
. 1
oy 2
11
*Bn 2
P 25
& 2
25
50 ?
é—,‘l 215
. 15
Ao 2
*
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Comments

Comments

DP

210 19 28 236 244

51 258 265, 72, 79

DP:

Integer

Floating point

Comments
pp: 278 2'18,2'27,2'37

2-47 -56’ -66’2—76’

-85 -95

DP
Auxiliary variables

DP
DP: 21’2-8’ 2—18’ 2-27’ 2-37

2-47 -56, -66 _ 76
DP
Auxiliary variables
DP
DP
DP
DP
DP



/DIRCOS/

Location Variable Name Symbol Max. Value Comments
1-9  MS(3,3) [mi’jl 20
10 - 18  MSDOT(3, 3) [x‘mi'j 27>
19 -27 ML(3,3) [Mi’j] 29
28 - 36 MLDOT(3, 3) [Mi’j] 2'::
37 - 45 DSAVE(3,3) 2 Auxiliary variable
46 - 54 MSDBL(3, 3) [1}31’].] 20 DP
55 - 63 MLDBL(3, 3) [lxlilj] 205 DP
64 - 66 XW(3) 2 Auxiliary variable
67 - 69 WPREV QI; 2(‘)5
70 - 72  TRATIO(3) b 2_5
73 - 75 DELW(3) Aw 2
/NTRIG/
Location Variable Name Symbol Max. Value Comments
1-2 COSE(2) cos ei' 20
3-4  COSA() cos a/ 20
5-7  CBETA(3) cos B! 20
8 -10 CALPHA(3) cos ai' 20
11 - 12 SINE(2) sin ei' 29
13 - 14 SINA(2) sin ai' 20
15 -17 SBETA(3) sin 8! 20
18-20 SALPHAG)  sing, 20
21 SINED sin ¢’ 29
22 COSED cos ¢’ 20
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/SINCOS/, Parameters of sin~cos Subroutine

Location Variable Name Symbol Max. Value Comments
1 ASC a 52
sc 6
2 B se 2
3 C c 2_12
sc 1
4 HALFPI /2 2
5 PI T 22
6 HAFPI m/2 22

/ASINC/, Parameters of arc sin Subroutine

Location Variable Name Symbol Max. Value Comments
1
1 AAS a 2
as -2
2 BAS b 2
, as 3
3 CAS (¢ 2
as -5
4 DAS d 2
as
'ATANC/, Parameters of arc tangent Subroutine
Location Variable Name Symbol Max. Value Comments
0
1 AAT a 2
at -1
2 BAT 2
at _2
3 CAT c 2
at 4
4 DAT 2
at 0
5 QUARPI /4 2

/BUFFIN/, Input Data Buffer (Detailed listing in User's Guide)-

Location Variable Name Symbol Max. Value Comments

1 - 339 XZ(339) System specification (Real)
340 - 463 NZ(124) System specification (Integer)
464 - 557 XY(94) Control computer data (Real)
258 - 566 NY(9) Control computer data (Integer)
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Appendix F

ANGULAR MOMENTUM TEST

The proposed test, when satisfied, indicates that nothing basic is being violated.
The test is based on the principle of conservation of angular momentum. That is, in
the absence of external torques, the angular momentum of the total system is equal
to its value at time t = 0. If external torques Tex are acting on the system, the angular
momentum of the total system, after the momentum increment due to Tex has been
subtracted from it, should also be constant and equal to the angular momentum of the
total system at time t = 0. Specifically,

H(t) +EH ® - / T_ dt = H(o) = Constant (F-1)

Vehicle 1 Gyro

where
H(o) = Angular momentum of the total system at time t = 0
Iex = External torque acting on the vehicle.

Note that, even though the computed LHS of equation (F-1) is constant as a factor
quantity, its components in vehicle coordinates change as the vehicle attitude changes.
Therefore, to readily verify that the LHS of equation (F-1) is constant, it must be re-
solved along an inertially fixed frame.

The Angular Momentum Test, therefore, consists of the following steps:

1. At time t = 0 compute the LHS of equation (F-1) with components along
vehicle axes.

2. Transform H(o) computed in step #1 to obtain its components along the
axes of a suitable Inertial frame. For convenience the vehicle axes as
they are oriented at time t = 0 can be chosen as the I-frame for this test.
In this case, step #2 is not needed.

3. To compute the LHS of equation (F-1) at the end of the nth integration
step, that isatt=nAT, it is necessary to treat the LHS of equation
(F-1) in the following two parts:



a. Compute
3
H(t) + E Hi(t)
Vehicle 1 Gyro
at t = nA T along vehicle axes and convert this to the selected I-frame.
b. Integrate
nAT
R Y
0

4. Substitute the vectors computed in steps #3a and #3b into the LHS of
equation (F-1). The result, to satisfy the test, should be equal to the
angular momentum computed in step #2.

Computation of -I:IVehicle' —Along vehicle axes X, Y, Z

l-{Vehicle - H'Vxl- ¥ HVyel * H'VzI-g

where
HVX - Ixxwx h Ixywy - Ixz “s
=~ w +I w -I w
HVY XYy X yWwWy Yz z
= = - +
H'Vz Ixzwx Iyzwy Izz“")z
3
Computation of E H. .—For #1 CMG
1 lero
= +
Ha = ol Y Hgyyd " By B
where
! 3 . ’ ’ s
= + +
HGlx (wzl Gﬁﬁl) JMB sino, + Aawxl cos o, Cawzl sin o,
+ (A, +
L( b Ag) W, q +Agﬂl] cos @, cos Bl

1

-(B,_+B
(b g)(.o},]lcosoz:l

sin Bl +(Cy + Bg) w, sina




B S

. '
= +G &
HGly (wy Ga 1) JMa + Bawyl + (Bb + Bg) wyl cos Bl

+A Q i
+[(A.b+Ag)wX1 Ag 1] sin /31
’ : ’ . ’
= - o + o
HGlz (wz1 + GBBI) JMB cos al Aawxl sin & Cawzlcos 1
- [(Ab +Ag) W, q +Agﬂl] sin &, cosﬁ1
. . o
+ (Bb+ Bg) wyl sino sm/S1 +(Cp + Bg) W, coso,

The angular momentum contribution of the three gyros can be computed in a DO
LOOP and the results summed. For the DO LOOP cycle subscripts so that

1-2-3-1
X2 y-z-X

These check equations are based on a constant system inertia tensor about a fixed
center of mass, The necessary changes to adapt them for the case of a moving mass
within the vehicle have not been made.



